AUSY ei ol Gal gk 


AKANXEMHU HAYK CCCP 
CEPHH FrEONOrFHYECKAS 


IZVESTIYA AKAD, NAUK SSSR 


SERIYA GEOLOGICHESKAYA 


Rawview PBs. 6 66 a6 5 WG Bo oem eee na Ona on omic acnCmC CEO mC Ear ee Menem 


CONTENTS No. 10, October 
| Page 
BOTTOM STRUCTURE OF THE SEA OF JAPAN, FROM THE 

“VITYAZ" EXPEDITION DATA, by I.B. Andreyeva and 
Gols, (WGHRSEN S65 b> 8a! OY a Sls ale 5 Spe tans) is 8c eee i es i 
JORE CONTACT METAMORPHISM OF RUDNYY ALTAI POLYMETALLIC 
DEPOSI S ma Dyes BezsmertnayarandsDsl. Gorzhevskiy . 4. ....6 ss 6 «espns ss 16 
| ERTAIN FEATURES OF SMALTITE-CHLOANTHITE OXIDATION 
| PROCESS meyer A Arms GOdOVIKOVaan GEV) eAus INUGIGVAK OVA) .Veleilas) Seesaw, tose 6 dye 28 
} 
INEW DATA ON THE TECTONICS OF NORTHERN ERGHENI, 
| lon WB, Sins “Soeua bea SSS Soe Sacra ae Orch cre 36 
PALEOZOIC OF THE REGION WEST OF LAKE BALKHASH NEAR 
THE VILLAGE OF MYNARAL, by B.M. Keller, 
Tee S PRISE LON PATI CoMIY MEIN COL CY ems cecerit> ons) sa) a) oe) eer e 04) be be Seca le 44 
PRINCIPLES OF PALEOFLORAL DIFFERENTIATION OF CENOZOIC 
DEPOSITS IN THE KAZAKHSTAN AND ADJOINING PARTS 
OW? TWEDB, VWVBSID SUSE UUN) JACANINE Joe SKS ID), 740 lbh) <i Geese) on ooo colo c 56 
KARNIC DEPOSITS OF NORTHEASTERN U.S.S.R., AND THEIR 
OWE ReEBOUNIDAIY pub Valle UCD KOViy 5, 3 6. 2:1 oo: «ome ices EECA a ee tae Ne eo 74 
BRIEF COMMUNICATIONS 
SIMPLE LABORATORY EXPERIMENTS DEMONSTRATING 
INFILTRATIONAL METASOMATIC ZONATION, 
by Ya. I. Ol'Shanskiy and S.A. Brusilovskiy ... .. 22.111. ee ee eee ee 85 
FROM THE HISTORY 
OF GEOLOGIC SCIENCES 
EMORABLE DATES FOR OCTOBER-NOVEMBER 1958, a 


REVIEWS AND DISCUSSIONS 


N. A. MARINOV'S BOOK, “STRATIGRAPHY OF THE MONGOLIAN 
PEOPLE'S REPUBLIC, " AND GEOLOGIC MAP OF THE 
MONGOLIAN PEOPLE'S REPUBLIC, SCALE 1:2, 500, 000, 


bya RA Masini emus a simone ee eee ee er ee Ac) he 92 
BIBLIOGRAPHY « .- 5s des cece Se Oe Bee oe eee oy Ge Roltene eiromtontrn amet Nolen rte ie ee te 96 
CHRONICLE. ...0 04 3s4 24 -b AS PRS CELE Pe Oe ee a ee ee 113 


EDITORIAL COLLEGIUM 


G.D. Afanas'yev (assistant chief editor), Corresponding Member of the ASUSSR; 
G.P. Barsanov, Doctor of Geological and Mineralogical Sciences; 
K.A. Vlasov, Corresponding Member of the ASUSSR; 

A.D. Yershov, Candidate for Geological and Mineralogical Sciences; 
O.D. Levitskiy, Corresponding Member of the ASUSSR; 

S.I. Mironov, Academician; 

F,.B. Chukhrov, Corresponding Member of the ASUSSR; 

N.S. Shatskiy, Academician; 

D.1. Shcherbakoy, Academician (chief editor); 

V.S. Yablokov, Candidate for Geological and Mineralogical Sciences 
(secretary of the editorial collegium). 


T-08891. Approved for printing September 20, 1958. 
Circulation - 4,200 copies. Order 3212 
Paper size 70 x 108-1/16. Paper 4. Printing sheets 10.96 + 3 ins. Publ. sheets 12.7 


Second printing office of the USSR Academy of Sciences Publishing House. 
Moscow, Shubinskiy per. 10. 


INTRODUCTION 


In recent years, marine geology has 
made extensive use of seismo-acoustic meth- 
ods which are based on analysis of reflected 
and refracted waves These waves,- gener- 
ted by an explosive charge, are propagated 
oth by the water and by the material of 

the sea bottom. They are reflected back 
rom the bottom sediments and from inter- 
layer surfaces and are refracted back from 
hose surfaces. The initial application of 
jseismic methods to oil prospecting in shal- 
low coastal areas has led to the development 
of seismic techniques for the study of sea 
and ocean bottoms at greater depths [8, 11, 
13]. Considerable information has now been 
accumulated on the structure of the earth's 
crust and the distribution of unconsolidated 
sediments throughout the Atlantic and parts 
of the Pacific and Indian Oceans (G5 AOS skedihe 
Least known are the structure of the conti- 
nental slope and that of the unconsolidated 
bottom deposits. 


The great value of the successful appli- 
cation of seismo-acoustic methods to marine 
geology has stimulated the development of 
equipment and techniques for this purpose 
at the Oceanology Institute, Academy of 
Sciences, U S.S.R.,in collaboration with its 
‘Acoustical Institute. Beginning with 1951, 
apparatuses have been perfected, and studies 
undertaken in the Black and Caspian Seas, 
and in the Pacific. The first significant 
attempt at seismo-acoustic exploration, 
made by the 19th "Vityaz" expedition in the 
northwestern Pacific, did not take place 
until 1954 [7]. Explorations on a smaller 
scale continued in the Pacific, by the 22nd 
"Vityaz" expedition; and in Antarctic waters 
and the Indian Ocean, by the lst and 2nd 
“Ob"" expeditions. 


In conjunction with its seismo-acoustic 
work, the Oceanology Institute carried on 
geologic studies, particularly of the Sea of 
Japan bottom. The bottom topography was 
investigated by echo sounding; bottom sam- 
ples were taken, both surface and columnar; 
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and a study was made of suspended frac- 
tions, the source material for the bottom 
sediments. As a result of these studies, 
bathymetric and geomorphologic maps have 
been constructed, as well as bottom-deposit 
maps, and the general features of the Quat- 
ernary history of those seas outlined. These 
data gave the first approximation of the Sea 
of Japan tectonics, and of the relationship 
between its larger features of bottom relief 
as a structure expression, and the land 
structures [3, 4, 5]. The submerged rims 
of the continents were fairly well delineated, 
thus accurately locating the continental slope, 
as well as the structural features of that 
belt which surrounds the Sea of Japan depres- 
sion [1]. In this connection, the data on the 
thickness of the Japan Sea bottom deposits, 
on the underlying basement relief, and on 
the structure of the earth's crust at depth, 
became of considerable interest. Such data 
were obtained in April 1957 by the 22nd 
"Vityaz'' expedition. They are set forth in 
this paper. 


I. CONDITIONS AND METHOD OF 
INVESTIGATIONS 


The Sea of Japan depression is located 
in the transitional continental slope zone of 
East Asia. Its flat bottom represents the 
ultimate base of deep sea deposition, the 
formation and development of which has been 
influenced to a considerable degree by the 
sediment redistribution brought about by 
density currents and by the slower and more 
permanent suspension bottom currents. To 
the northwest, the depression-bottom plain 
borders on the steep continental slope; to 
the southeast, on the Yamato submarine 
plateau which is an important diastrophic 
complex formed by the intersection, of two 
island arcs, the Kuriles-Kamchatka and the 
Ryukyu. Still farther southeast, the Sea of 
Japan depression borders on the mountain 
structures of the Japan island arc, also 
within the continental slope transition zone. 
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The investigations were made along 
cross sections of the flat western part 


the Sea of Japan bottom (Fig. 1). The cross 
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FIGURE 1. Location of seismo-acoustic 
cross sections. 


sections are normal to each other, oriented 


two observed, associated with a slight uplift 
of apparently of tectonic origin. 


The work was carried out by conventional 
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slope trend. The depth of the working area, Shots 950 52 54 5556 5758 59 60 6162 63 

in the order of 3550 m, is typical for the kg 

flat bottom of the Sea of Japan. Only in the 

northern segment of the second cross sec- FIGURE 2. Bottom relief along sections 1 and 
tion were shallower depths of about 3300 m 2, and shot points distribution along the 
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four seismo-acoustic profiles. 
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method, using two ships. One of them, the 
auxiliary, rode the cross section, setting 
off TNT explosions every 5 to 15 km; while 
the other, the "Vityaz,"" remained at the 
initial or terminal point of the cross section 
and received the acoustic signals from each 
shot. Both sections were shot in both direc- 
tions, in order to obtain data for reverse 
time-distance plots, and to determine the 
dip of the formation boundaries. The maxi- 
mum length of each cross section was about 
110 km (70 miles). 


Some 63 shots were fired, the size of the 
shot varying from 25 to 130 kg, depending 
on the distance. Distances between the shot 
and the recording points were only approxi- 
mately determined during the work; the 
exact data were obtained from the direct- 
wave records. The distribution of shot points 
along the profile is given in Fig. 2 which 
also shows the bottom relief along it (echo- 
sounding data). Hydrological measurements 
were made at the recording points. They 
revealed an area of increased sound veloc- 
ity near the sea surface. The sound velocity, 
averaged vertically from surface to bottom 
2), i.e., 
H 


c= a 


dh 
J iS4) [1] 
fe) 


was about 1477 m/sec (where H is the 
epth of sea; cp, is the sound velocity at 
depth h). 


The work was carried on under favorable 
weather, the sea, as a rule, not above 
p to 2 points. 


The shot recorder diagram is given in 
Fig. 3. The auxiliary was equipped only 
for the shot timing and its broadcasting 
to the "Vityaz."" The acoustic waves were 
recorded on the ''Vityaz" by two identical 


FIGURE 4. 


Graph of direct and reflected waves. 
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hydrophones. Their hanging had been done 
according to R. Raitt's recommendations 
[21] which obtained a reliable reception of 
weak signals. 


2. RECORDING OF SOUND WAVES AND 
THEIR PROPAGATION FEATURES 


Since the explosive charges were adequate, 
the frequency composition of a direct wave 
and of the signals reflected from the bottom, 
remained practically the same, as much as 
distances of several tens of kilometers 
(Fig. 4). This perceptibly hampered the 
separation of the direct water wave from 
the complex of recorded signals. Initial 
deciphering of the records was accomplished 
on the basis of graphic correlation of time 
intervals between the arrival of the direct 
and reflected waves with their respective 
calculated values. As an example, Fig. 5 
gives the results of correlation along profile 
4.' Distances to shot point are plotted along 
the horizontal axis; and the calculated values 
of differences (An) in the arrivals of direct 
(D) and reflected (Rn) waves, along the 
vertical axis.. 


In the maze of arrivals, experimentally 
obtained for each shot, there was but one 
place on the graph where the experimental 
and the calculated points practically coin- 
cided, thereby making possible, in nearly 
all cases, a reliable identification of all 
arrivals. 


Thereafter, the absolute propagation time 
was calculated for all waves -- direct, 
reflected, and refracted -- as recorded for 
each shot. Two shots, Nos. 35 and 44, 


1 By "profile" a single run of the cross sec- 
tion is meant. 


Shot 36 
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were not recorded by the “Vityaz" because 
of an equipment breakdown and were 
dropped. For technical reasons, the shooting 
time for 12 shots was not recorded, making 
their processing difficult. If the distances 
between shot and hydrophone were not great, 
and the reflected waves contained sharp 
high-quality components (as in shots Nos. 
17, 20, 24, and 38 to 41), the missing 
values were found from time differences in 
the arrival of direct and reflected waves. 
The error of these calculations did not 
exceed 0.05 sec. In five other instances, 
shots Nos. 42 and 45 to 48, the distance 
was only approximately determined, with 
errors as much as 0.5 sec. 


The distance, shot point to hydrophone 
(d), was calculated from the propagation 
time for direct wave D and the velocity in 
the sound channel, Co = 1,450 km/sec, 


A, D(sec) 


Any x f£50cycles 
ARGS 71000 cycles 


56 57 58 59 6061 62 63 


30 $2 94 55 


NN 
shots 
FIGURE 5. Arrivals of direct and reflected 
waves of different frequency. 


At distances of about 50 and 90 km, the 
arrivals of a direct wave were camouflaged 
by an earlier arrival of a wave reflected 
once or twice, by the bottom. The distance, 
shot point to hydrophone, along these 
stretches of the profile, was calculated 
from the arrival time of high-frequency com- 
ponents of the reflected wave, by a simple 
formula: 


AS rama eT Sa: 
d=cV R2— abe [2] 


’ 
(e 


where c is average vertical velocity (see 
formula [1]), n is multiplicity factor for 
reflected wave, Rp is propagation time for 
reflected wave, Hgy is average sea depth 


for the given area. 


After corrections appropriate to the area, 
the calculation error was found to be in the | 
order of 0.005 sec. The results are given 
in Tables 1 and 2. 


A characteristic feature of the reflected | 
waves' propagation is a lagging of middle- | 
and low-frequency components behind the 
high-frequency arrivals. As seen in Fig. 5, | 
the arrivals of high-frequency components 
agree best with the theoretical data as ob- 
tained from the depths registered by the 
echo soundings. The lagging of the lower- 
frequency components (as much as tens of 
cycles) may be explained by their penetra- 
tion to some distance into the uppermost 
bottom layers. 


Another feature of the reflected-waves 
propagation is a dampening of signals with 
distance and their final extinction, for waves | 
reflected once or twice. For once-reflected 
waves, this occurs at the distances, shot 
point to hydrophone, of about 50 km; for | 
twice-reflected waves, at 90 km, and is 
easily explained by a simple theory of 
sound-waves propagation in the sea [2]. 


Of note is the decrease in the maximum 
observed multiplicity factor for reflections, 
with a decrease of the distance, shot point 
to hydrophone; apparently, this effect is 
connected with the decrease in the reflection 
coefficient for small angles of incidence 
of the sound ray to the bottom. 


At the shot point to hydrophone distances 
of more than 60 to 70 km, the high-frequency 
components of the reflected signals weaken, 
then fully disappear. This is primarily 
observed at a high multiplicity factor of 
the reflected signals, which is easily 
explained by pronounced fading of the high- 
frequency components in the uppermost bot- 
tom layers. 


Refracted waves (Table 2) were registered 
for nearly all shots, 10 to 110 km distant 
from the receiving point. At shorter dis- 
tances, the refracted waves were swamped 
by an earlier direct wave; at greater dis- 
tances, the refracted wave signal was much 
weakened and commonly poorly discernible 
over the background noise. The maximum 
number of sharp signals were observed at 
medium distances, 40 to 50 km, where the 
total number of registered refracted waves 
reached 10 to 15 (not over 8 arrivals are 
registered in Table 2). 


It should be noted that the propagation 
conditions for refracted waves were sub- 
stantially worse along cross section 1-2 
than along 3-4, which apparently is con- 
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Arrival times for direct and reflected waves (in sec) 
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Table 1 (Cont. ) 
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Table 1 (Cont. ) 


Shots d(xu)|  D | RI R2 | R3 | Rh | ae 
48 | 102 | 70,4 es xis} 74,0 72,0 | : 
| | 70,5 AA 090) 4 | 71,0 TD OUP Taeed TOMA BS: the 
49 110 76,00 
76,04 Undecipherable 
50 2,04 1,79 4,99 8,8 = — 
1533 4,63 9,6 = »= 
ot 7,83 | 5,40 6,97 10,54 14,6 — 
9,40 6,98 10,60 — — 
52 ie 8.63 Sato! 12,45 16,41 
8,63 9,63)|_ 12,90 — 
53 18,1 12,49 13,06] 15,24 18,4 
12,45 13,06} ~15, 49 19,9 Erratic signals 
04 ZOEo 16,36 16,72) 18,49 21,15 — _ = = a= 
16,36 16,72] 18,64 B20) Erratic signals 
dO 35,0 24,15 ~ 25,49 Ziti _— — = = = 
29,03 28,10 30,0 |: Erratic 
signals 
56 44,1 MK 30,23) 31,26 32,88 35,0 = a | = — 
30,23] 31,36 32,96 30,4 |~38,5 Erratic 
signals 
Bes aal 26.06 ala ets = = | Peeey ee tee 
36,26) 37,14 38,6 AQ G9 | 43.1 Erratic 
signals 
58 | 60,9| 42,00] — | 360° (0.0L Taf ees 
42,00 41,59 43,70 45,24 AT 27 Erratic 
signals 
bon |fTOmale 48582 4 —+ = = Se ee Wee ig ot ee 
47,83] 48,42 49,54 92,2 — == = = 
60 | 80,0] 55,08 | — = - = a Gere er ie ee 
oo, 14 — — 07,380 |~052,0) 60,8 - — 
6f 1188.2] 60,807) — = = 61,71 pas) 2 oe ae 
60,80 — — 64,44 Co rie) 62,86) — = — 
62a, |196 iv ns 66.75) 45 — a x = G0;78)) hat iam 
66,75 — 66,32 68, 30 69,4 — — -— 
632 11106.) 72.95.) 2 atk x eo 
73,03 — 72,48 74,26 |~75,55| 77, | — — 


Note: 1. First line of each division shows the arrival time for high-frequency 
entries; the second line, that for middle and low frequencies; Dh Dash indicates a 
missing signal record; 3. Crosses indicate that the corresponding arrival cannot 
be separated because of the overlap of an earlier wave. 
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Table 2 


Arrivals of refracted waves G (in sec after the shot) 


2 6 
oe ee 
i 16,36 22,6 da) Padb If 29,0 = = = 
8 WAR TAL 282 30,0 Aaa 10) -— — — — 
9 34,49 — — -- — — =e = 
10 14,22 20,0 24,0 24,6 PAD), 7 26,14 Me) 4 — 
41 18,6 23,6 - = — — = = <= 
12 10,79 24,0 DSP: 36,3 — — — — 
13 10,00 14,8 16,6 20,9 2ABd 28,6 — -- 
14 8,66 OT: hay.) 15,9 18,9 20,2 24,6 _— 
15 TAd 9,2 Dos ~ — — = = 
16 6,37 12,9 16,4 — — _— = = 
17 4,99 5,4 9,9 — — — = = 
18 4,32 — — — a = = = 
19 — — — — = 2: — 
20 — — = = = = ‘— = 
24 fe = — cs = ea 2. = 
22 os = = = Ax = = = 
23 2°51 = — — — — _ — 
24 4,59 5,2 5,9 6,5 — — = — 
25 5,70 7,5 9,2 10,5 12,3 = — — 
26 7,04 44-3 42:9 43.5 15,9 19,6 — — 
27 8,42 14,8 20,6 _ -- — —_— = 
28 9,66 28,9 — _ — -- —_ = 
29 11,82 AS59: 19,0 19,6 — — _ —_ 
30 14,14 20,1 26,8 PAS Ul 33,0 39,3 —_— — 
31 15,43 20,8 25,0 27120 28,4 34,8 a/R} — 
32 16,48 ZAS 23,0 24,6 28,0 29,0 — — 
33 _ _ _ _— — — — — 
34 — — _- _— — — _— — 
36 3,69 — — — — — —_ — 
Sif 4,65 6,5 — —_ — — — — 
38 5,86 DRO — — — — — — 
39 7,66 9,9 12,0 13,6 14,5 16,0 ATA 18,3 
40 9,00 NS 7 14,2 15,6 16,1 22 — = 
41 9,60 11,9 15,6 16,7 24,9 26,2 — — 
42 10,00 17,5 23,0 29,95 31,2 33,0 — — 
43 11,10 12:2 16,1 18,4 23H 24,4 He? 32,1 
45 12,48 19,8 24,5 26,4 29,0 32,9 36,0 By) 2 
46 15e20 16,8 205.2 Pi 8) 231 23,4 ZOn6 Ql il 
47 15,00 28.7 Sant 42,6 06,4 — — = 
48 15,28 Nie tl PANT DBs 35,0 47,6 51,6 62,8 
49 16,44 19,5 24,6 28,0 30,9 45,7 48,4 55,4 
50 = — — — — = = = 
54 = = = — = = = = 
52 pay) = so — AS os ms aes 
53 4,14 5D — — = = 5. s 
54 5.07 = = = = = et me 
ty) 6,77 7,6 8,2 11,4 Wes ASI 14,2 44,9 
56 7,80 8,9 10,0 12,6 13,3 14,6 15,6 16,4 
57 8.78 10,0 MH 2 13,9 14,6 15,8 20,1 21753 
58 9°87 AA 3 }e04 fore. 16,5 17,8 20 6 213 
59 14,1 29,2 36,3 _— _ _— _— — 
60 — — — — — — — — 
64 = = es. = — = = at 
62 13,5 = = = Bo a 3 a 
63 15,4 _ = = = Spe peer = 


Note: 1. Calculation precision for first arrivals, 0.02 sec; the others, not 
less than 0.1 sec; 2. The propagation time for refracted waves does not in- 
clude that in water. 
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nected with the presence of faults oriented 
along the trend of the continental slope. 


3. UPPERMOST SEDIMENTS 


At depths of water in the order of several 
kilometers, the refraction method, as a rule, 
cannot produce reliable data on the upper- 
most deposits, because, at short distances, 
the surface-refracted wave arrives after 
the direct water wave; at longer distances, 
it is camouflaged by waves refracted at the 
boundaries of deeper layers. Basic informa- 
tion On the properties of the uppermost 
bottom deposits, as set forth in this paper, 
were obtained from the data on the propa- 
gation of reflected waves. 


A correlation of various frequency com- 
ponents of the reflected waves (Table 1) 
shows that, for waves with frequencies .as 
much as tens of cycles, the lagging time 
increases with the reflection multiplicity 
factor, and as the distance to the shot point 
decreases, i.e., with the steepening of the 
angle of incidence. 


This phenomenon is in accordance with 
the assumption that the cause of the lagging 
is the penetration of sound rays into the 
bottom deposits; it suggests a lack of a 
sharply defined reflecting boundary at a 
definite depth below the bottom surface. It 
appears that the return of high-frequency 
sound energy to the upper layers is related 
to refraction of the explosion waves in an 
upper layer characterized by increasing 
density. 
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A quantitative approximation of the pene- 
tration depth and velocity of an explosion 
wave in the ground may be obtained by the 
assumption of straight-line propagation of 
middle-frequency components of reflected 
waves. 


When the experimental data are plotted 
on a R2 (D2) graph (Fig. 6), the depth of 
penetration of sound into the ground is 
easily determined from segment rf: 


Cir 


2n 


H = ain [3] 


where H is depth of water, c is average 
vertical sound velocity in water; the average 
vertical velocity of sound in this layer is 
determined from angle a: 


CoH tga-cH , 


Ay 


cj = [4] 


where Cg is the sound velocity in the sound 
channel. 


The computations were done for various 
segments of each cross section; the results 
are given in Table 3. 


As a rule, the average vertical velocity 
of sound in a layer increases with depth, 
attaining 1.8 to 1.9 km/sec at depths of 
200 to 300 m. At the bottom surface, the 
ground velocity of sound differs but little 
from that in water, near the bottom (1.5 
km/sec). The greatest average velocities 
of sound were registered in the northern 
part of profile 4, where a slight uplift was 


2 


FIGURE 6. Relationship R2 (D2), by low-frequency 
arrivals. Profile 2. 
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Table 3 
Velocity of 
Average angle] pepth of Average oF 
Cross section| Of incidence Se EO velocity in Critical = sound below 
ray to bottom, (Hj), in * bottom layer | angle, in layer Hy, 
9 ais Ee Hj, km/sec km/sec 
al 68 0 1,9 54 Wee 
eastern part 62 170 1.9 
56 270 159, 
2 68 0 hes, 1551 2.0 
western part 62 260 7 
57 350 1.8 
le A 
4-3 62 0) eres 50 iN 
southern part 54 260 1.9 
L 48 630 Nets: 
3-4 64 490 ees, 50 243 
northern part | 
53 650 Ds PL 
L | 


discovered by echo sounding. 


The second feature of the reflected explo- 
sion-waves propagation; which was used in 
the obtaining of information on the upper- 
most bottom layers, is the relationship 
between the maximum observed multiplicity 
factor of wave reflection, at frequencies as 
much as tens of cycles, and the distance, 
shot point to hydrophone. 


The data of Table 1 show a noticeable 
increase in the maximum multiplicity factor, 
at distances to 100 km. 


An analysis of the data has shown that 
the maximum observed multiplicity factor 
for reflection, approximately corresponds 
to the same incidence angle of sound rays 
to the bottom, regardless of the distance to 
the shot. At smaller incidence angles, the 
reflected signals are practically not observed 
throughout the length of the cross section. It 
is well known from the theory of propagation 
that, when the angle of incidence of a sound 
ray to the boundary between two media is 
less than the so-called critical angle, a 
sharp lowering of the reflection coefficient 
takes place. The magnitude of the critical 
angle is determined by the ratio of sound 
velocities on either side of the boundary. 

S. Katz and M. Ewing [16] have identified 
the minimum observed incidence angle with 


the critical angle, which enabled them to 
determine the sound velocity in the layer 
below the reflecting boundary. 


This method made it possible to deter- 
mine the sound velocity c)' characterizing 
the deepest penetration of the upper sedi- 
ments by reflected explosion waves. The 
results of calculations are given in the two 
right-hand columns of Table 3. 


An absence of a sharp distinction in the 
values of cj and cj' is another proof of 
the absence in the upper intervals, of a 
clean-cut boundary characterized by an 
abrupt change in the velocity of sound. 


4, DEEP LAYERS OF THE EARTH'S 
CRUST 


The data on the deep layers of the 
earth's crust were obtained from an analysis 
of the graphs for refracted waves propagating 
along layer boundaries. The main procedure 
was the preparation and study of time- 
distance plots for refracted waves. 


Fig. 7 gives a time-distance plot for 
refracted waves, as registered along profile 
4; similar plots were constructed for all 
profiles. The inclined dashed line corre- 
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_ sponds to the arrival of the water wave. 


The almost total lack of refracted waves 
near the end of the profile is not typical; 
it was connected with a noticeable worsen- 
ing of the weather. 


The complex of these arrivals formed 
groups lagging for a definite period of time 
behind the first arrivals. Apparently, this 
was the result of refracted arrivals, 
reflected once or twice by the bottom and 
the water surface. The presence of several 
parallel lines in each group might be con- 
nected with a difference in the dip of layer 
boundaries. 


The reverse time-distance plots for 
refracted waves served as material for the 
computation of the depth to the bottom 
layers, and of the velocity of sound in the 
boundaries between them. The computations 
were carried out by the conventional method 
developed by Ewing, Woollard, and Vine, 
[11] for inclined beds. 


Figs. 8 and 9 show two reverse time- 
distance plots, for both cross sections. 
The value of apparent velocities along the 
boundaries is given directly in the draft- 
ings which also show segments T, cut on 
G axes by the apparent-velocity lines. It 
was assumed in calculations that the boun- 
dary speed of sound in the uppermost sedi- 
mentary interval was equal to 2.0 km/sec, 
i.e., as determined by the analysis of 


reflected waves. A 10 percent error in the 
determination of this value would lead to 


/ 
Point 4, / 
horth 0 : +—§ 11 d /xm) 


20 40 60 60 100 


ee a er ee s 1 percent error in the velocity determina- 
: 63 tion for other layers; and to 10 percent of 
the upper layer thickness, in the depth 
FIGURE 7. Arrivals of refracted waves. determination. 


Profile 4. 


By using thefirst, andpartially the second, 
arrivals of refracted waves inallprofiles, it was 
possible to distinguish two layers by substantially 
different velocities. Incorrelating the arrivals, 
not only the time but also their shape was taken 
into consideration. The main frequency of a wave 
refracted at the boundary of the lower layer was 
between 4 and 5cycles for all profiles. Thefre- 


quency of signals refracted at the boundary of 


the upper layer amountedto5.5-6.5cycles. This 
frequency difference is in qualitative accordance 
withthe theory of C. Officer [17]. 


A study of the plots constructed for all 
four profiles shows that the upper of the 
two layers lies below the bottom surface, 
which suggests the presence of still another 
layer whose refracted waves were not 
observed among the arrivals; these plots 
arrived after the water wave, because the 
water depth was great (3.5 km) and the 
sound velocity in the uppermost bottom 
layers, low (about 2 km/sec). Moreover, 
the absence of a sharp velocity break at 
that boundary could have perceptibly weak- 
ened and obscured the refracted wave sig- 
nal. At nearly every shot, alongside the 
first arrivals of refracted waves, a great 
number of later arrivals were registered. 
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The calculations have shown that the 
upper-layer boundary, below the unconsoli- 
dated bottom deposits, has a very flat dip, 
and boundary velocities of 6.1 km/sec 
over cross section 1-2, and 6.4 km/sec 
over cross section 3-4. This velocity differ - 
ence appears to be a result of combined 
experimental errors, and of a lack of coin- 
cidence between the true geologic conditions 
and those assumed in the calculations. The 
boundary velocities of sound in layer 3 
proved to be 7.8 km/sec, Over cross sec- 
tion 1-2; and 8.3 km/sec, over cross sec- 
tion 3-4. 


Fig. 10 gives the cross sections of the 
earth's crust, as reconstructed from our 
analysis. On top is a layer of unconsoli- 
dated bottom deposits, about 1.5 to 1.7 
km thick at points 2 and 3; and 1.0 to 
1.2 km thick at points 1 and 4. A basalt 
layer, with the sound velocity of about 
6.2 km/sec, appears to underlie the uncon- 
solidated sediments. Its thickness varies 
from 6 to 7 km at points 1 and 3 to 7 to 8 
km at points 2 and 4. Underneath the 
basalt, there lie rocks characterized by 
the sound velocity in the order of 8 km/sec. 
This allows the identification of the boundary 
between the second and the third layers 
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FIGURE 10. Cross section of the bottom accord- 
ing to seismo-acoustic data. 


with the Mohoroviti¢ discontinuity, below 
which there lie peridotite rocks of the sub- 
crustal basement. Thus, the depth of the 
Mohorovitéié discontinuity in this area is 
‘nearly 10 to 13 km below sea level, and 

it dips to the southeast, at about 2°. 


Such a shallow elevation of the Mohoro- 
vitié discontinuity is known to be typical 
for the oceanic provinces of the earth's 
crust, and primarily for the bulk of the 
Pacific. Accordingly, the Sea of Japan 
depression is structurally similar to the 
ocean bed, and probably should be regarded 
as its vestige. Such an opinion had been 
voiced by P.N. Kropotkin in his time, on 
the basis of his analysis of the geologic 
data of the adjacent land, and on geophysi- 
cal data [5, 6, 7], and is now supported 
by M.V. Muratov [4]. The Japan-ward 
pitch of the Mohoroviéic discontinuity, as 
found in the Sea of Japan depression, sug- 
gests a thickening of the crust, in the 
southern part of that sea, and is in accord- 
ance with the findings by the Japanese geo- 
physicists who have studied the propagation 
of seismic waves in shallow earthquakes 
[15]. According to their data, the depth 
of the Mohorovitié discontinuity under the 
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island of Honshu and the Tshushima Straits 
is more than 40 km. This thickening of 

the crust, related to the Japanese island 
arc, thus separates the vestige of the 
oceanic crust, under the Sea of Japan, from 


its main body. 


Deep seismic soundings of the earth's 
crust in the Sea of Japan furnish interesting 
material for a correlation of different stages 
of the transition zone between the Pacific 
bed and the continent of Asia. To be sure, 
the results of such deep seismic sounding 
are available for correlation only for the 
Philippine deep, and in the areas of the 
Eiji and Tonga islands, where deep explora- 
tion has been carried out [14, 22]. At the 
same time, the results of the study of the 
crust from the data on the propagation of 
surface seismic waves [20] are available 
for other deeps. It has been established 
that the crust thickness in all deeps of the 
Western Pacific transition zone is of the 
order of 6 to 12 km, i.e., typically ocean- 
ic, with the so-called Lg waves not propa- 
gating under such deeps, even as they do 
not propagate in truly oceanic provinces 
[19]. Considerable morphological differences 
are known to exist between different deeps 
of the transition zone. For instance. the 
Philippine and the Solomon deeps are char- 
acterized by an intensive block differentia - 
tion of their bottoms, whereas the Bering 
Sea depression is marked by its especially 
well-leveled bottom. Such morphological 
differences, in the presence of structural 
similarity, naturally call for an explanation. 


First of all, the question arises as to 
whether these morphological differences are 
of tectonic origin: whether the deeps of the 
Bering, Okhotsk, Japanese, and East China 
seas are underlain by undisturbed horizontal 
layers. However, the data on the change in 
thickness of unconsolidated deposits, as 
obtained for the Sea of Japan, as well as 
the data on the stratification of the bottom 
deposits, as obtained by echo sounding for 
all four deeps, all suggest that these uncon- 
solidated deposits fill primary relief depres- 
sions. The thickness of these sediments has 
been shown to be subject to radical changes 
suggesting a leveling of the complex base- 
ment relief by differential sedimentation. A 
correlation of all data on the relief of differ- 
ent deeps of the transition zone with those 
for the oceanic deeps reveals a tendency for 
a tectonic differentiation of the basement 
surface under the transition zone deeps, 
leading to the formation of block relief, 
incomparably more complex than that of 
the oceanic deeps. Consequently, the leveled 
bottom relief of some of the transition-zone 
deeps is more correctly associated, not 
with their tectonic conditions, but with the 
results of sedimentation, which have led 
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to the filling of the primary relief depres- 
sions. 


Thus, two processes can be shown as 
having been active in the topographic 
development of the transition-zone deeps. 
The tectonic differentiation of the bottom 
brought about topographic features more 
complicated than those of the oceanic deeps, 
whereas a parallel accumulation of sedi- 
ments, in filling up the primary relief 
depressions, was the leveling agent. The 
rise of island arcs, separating the transi- 
tion-zone deeps from the body of the ocean, 
accelerated the tempi of the accumulative 
leveling-off of the primary relief. An impor- 
tant part in this process was played by the 
redistribution of the bottom sediments, 
effected by density currents and perennial 
Suspension currents, responsible for the 
sharply differential sedimentation at the sea 
bottom and for a rapid filling of its depres- 
sions. In this process, the transition-zone 
deeps, separated from the ocean by the sills 
of the island arcs, act as giant suspension 
basins retaining the bulk of the sediments 
which come from the land. 


In our opinion, the morphological differ - 
ences of the individual deeps should be 
regarded as an aspect of the development 
stages of the transition zone. For instance, 
the complex block structure of the Philippine, 
Solomon, and Fiji deeps corresponds to a 
comparatively early stage of the transition 
zone development, whereas the East China, 
Japanese, Okhotsk, and Bering Sea deeps 
belong to later stages. The East China 
Sea deep, the smallest of the deeps, with a 
level bottom, belongs to the second group 
and is associated with one of the most 
ancient links of the transition chain, where 
the transformation of the oceanic crust into 
the continental has advanced particularly far. 


SUMMARY 


1. Three layers with different velocities 
of sound propagation have been found under 
the flat bottom of the western Sea of Japan 
depression. 


2. The uppermost layer is characterized 
by a gradual increase in sound velocity with 
depth. In this layer, the velocity of sound 
is close to that in water, about 1.5 km/sec. 
At a depth of 200 to 400 m, it increases to 
2.2 km/sec. It is assumed that these veloc- 
ities should be identified with unconsolidated 
deposits in the upper part and consolidated 
deposits in the lower part. The thickness 
of the deposits increases southeastward 
from approximately 1.0 to 1.5 km. An in- 
crease in sound velocity in the near-surface 
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layer, north of the area, appears to be the 
result of the outcropping of basement rocks, 
forming a slight submarine hump. 


3. The speed of sound in the layer 
beneath the unconsolidated sediments is 
about 6.2 km/sec. Its thickness increases 
southeastward, from approximately 6.5 to 
7.5 km. This velocity is associated with 
basaltic rocks. Fhe shallowness of the 
basalt layer is typical for oceanic provinces, 
whereas it lies considerably deeper under 
the continents. The increase in thickness of 
the basalt layer, to the southeast, may be 
associated with the roots of the Yamata 
submarine structure and the Japanese island 
arc. ‘ 


4. The third and lowest layer is char- 
acterized by a velocity of sound of the order 
of 8.0 km/sec. Its upper boundary corre- 
sponds to the Mohorovitié discontinuity. 
Rocks with this velocity of sound are called 
the ultrabasic or peridotitic subcrustal base- 
ment. 


5. In the area investigated, the Mohoro- 
vitié discontinuity lies at a depth of about 
12 km below sea level; it dips southeast - 
ward at about 2° because of the thickening 
of the basalt layer. 


6. The shallow elevation of the Mohoro- 
vitieé discontinuity, and the proximity of the 
basalt layer to the surface, are typical for 
oceanic provinces. The Sea of Japan depres- 
sion in this respect resembles the Philip- 
pine and other deeps of the West Pacific 
transition zone. These deeps can probably 
be regarded as representative of a distinct 
genetic series, the structures reflecting 
definite developmental stages of the conti- 
nental slope transition zone. 


The complex primary tectonic relief of 
the Sea of Japan bottom has been leveled 
as a result of sediment accumulation. 
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ORE CONTACT METAMORPHISM 
OF RUDNYY ALTAI POLYMETALLIC DEPOSITS 


by 


M.S. Bezsmertnaya and D.I. Gorzhevskiy 


. 


This paper discusses ore-body aureoles formed at various temperatures under changing 


tectonic conditions. 


The aureoles exhibit metasomatic zonation. 


The authors distinguish between two metasomatic processes. One is developed without a 
substantial influx of components (with the exception of hydroxyl). The other is peculiar to 
the central part of the metasomatic zone and is essentially determined by the chemistry of 


the solutions. 


1. HISTORY OF THE INVESTIGATION 


Contact metamorphism of post-magmatic 
ore deposits is of considerable theoretical 
interest and of great practical significance. 
S.S. Smirnov [6] pointed out the importance 
of contact metamorphism in understanding 
the chemistry of ore-forming processes. 
The significance of such altered rocks as 
guides to ore deposits is well known. This 
is of a particular importance in the Rudnyy 
Altai because current exploration there has 
been directed chiefly to "hidden" deposits, 
the only guides for which are the contact 
aureoles. 


The study of ore contact metamorphism in 
the Rudnyy Altai was initiated comparatively 
recently. One of the pioneers was N.N. 
Kurek, who described the Leninogorsk meta- 
morphic deposits and compiled the first 
manual on ore contact metamorphism in the 
Altai polymetallic ore deposits. Since 1949 
many others have studied these processes in 
individual Altai ore deposits. These include 
A.K. Kayupov and M.G. Khisamutdinov who 
worked on the Zyryanovsk ore deposit; G.N. 
Shcherba, on the Leninogorsk; P.N. Kobzar' 
and M.S. Bezsmertnaya, on the Berezovsk; 
L.K. Pozharitskaya, on the Nikolayevsk, 
Rulikhinsk, Shemonaikhinsk, and Zolotoru- 
shinsk deposits; P.F. Ivankin on the Zolo- 
tushinsk; T. Ya. Goncharova, on the Lazursk, 
Sugatovsk, Malevevsk, and Paryginsk deposits; 
M.A. Petrova, on the Zmeinogorsk group; 
and a number of cthers. 


In addition to these works describing, in 
detail, the ore contact metamorphism in indi- 


vidual deposits, several publications have 
appeared in recent years dealing with the 
general problem of the similarities in the 
Altai polymetallic contact-metamorphic 
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deposits, as a whole and within individual 
areas. Among these is a paper by M.V. 
Tashchinina, containing a valuable descrip- 
tion of the mineral components of the meta- 
morphosed rocks. The paper by L.K. 
Pozharitskaya on the contact metamorphism 
of the Shemonaikhinsk polymetallic ore 
deposit is also very interesting. Modern ideas 
on the Altai metamorphic rocks and the 
processes of their formation have been de- 
scribed by M.S. Bezsmertnaya, in her candi- 
date's thesis. 


The formation of all polymetallic ore 
deposits in the Altai has been long and com- 
plex, developed under various temperatures 
and under complex tectonic conditions, as is 
graphically indicated by aureoles in the hydro- 
thermally altered rocks. 


According to the sequence of mineral para- 
genesis, after D.S. Korzhinskiy's data on the 
temperature of metasomatic processes, the 
end products may be divided into high, 
medium, and low temperature alterations. 
“This paper takes up the origin of epidote 
muscovite, and diopside replacement by 
fibrous amphiboles (actinolite and tremolite) 
as reactions which are transitional from high- 
to low-temperature processes. The transition 
from middle- to low-temperature products is 
featured by the decomposition of epidote and 
of all amphiboles, which are replaced by a 
stable association of dolomite and ankerite 
with quartz" [2, p. 374]. 


2. HYPOTHERMAL DEPOSITS 


The earliest hypothermal products of post- 
magmatic activity in the Altai polymetallic 
belts are skarns, which are peculiar associa- 
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tions of the Paryginsk ore-deposit minerals, 
and anthophyllite-biotite rocks. 


The Rudnyy Altai skarns are poorly devel- 
oped. In the economic polymetallic mineral- 
ized zones, they are associated with ore 
along the southwestern limb of the Aleysk 
anticlinorium at the following sites: Suga- 
tovsk, Talovsk, Shemonaikhinsk, Rulikhinsk, 
Nikolayevsk, Berezovsk, Zolotushinsk, Belou- 
sovsk, and in a number of localities at the 
Verkhubinsk ore deposit. 


According to many students the skarn 
formation in most polymetallic ores is 
related to the postmagmatic stage of an in- 
trusive cycle. 


A characteristic feature of the skarns is 
‘the evidence of their very shallow origin; 
in F.N. Shakhov's classification [9], they 
are referred to a surface facies. The ore 
in this area is characterized by a compara- 
tively small skarn development, by associa- 
tion with faults, and by a widespread mani- 
festation of sulfide mineralization clearly 
superimposed on the skarns. 


In D.S. Korzhinskiy's classification, the 
skarns from the above-named localities 
belong chiefly to the contact-infiltration type; 
a few of them to the bimetasomatic type 
(Nikolayevsk, Talovsk). 


A majority of the skarn zones display a 
definite spatial relationship with faults, in 
that they are found in tabular, or veinlike 
bodies, cutting the formations. A description 
of skarns is given in Table 1. 


As a rule, all skarn zones are intensively 
altered by subsequent hydrothermal processes, 
usually creating more extended aureoles. 
Commonly formed new minerals are epidote, 
actinolite, chlorite, and carbonate minerals. 


The skarn ores are represented by scat- 
tered inclusions of magnetite, locally asso- 
ciated with hematite and ilmenite, and by a 
Superimposed sulfide stage. The Berezovsk 
site is also known for its quartz veins with 
sulfide inclusions, and by an increased con- 
tent of native gold and silver. 


The garnets of the skarns are mostly 
anomalously anisotropic. 


Typical hypothermal minerals of the 
Paryginsk granodiorite, are garnet, spinel, 
magnetite, and ilmenite. T. Ya. Goncharov 
mentions hornblende, also. As a rule, these 
minerals do not form deposits but are scat- 
tered throughout the metamorphosed zone in 
monocrystals as much as 1.5 mm in dia- 
meter. The garnets, as a rule, are isotropic. 
Magnetite and ilmenite are usually associated 
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intergrowths, with the ilmenite invariably 
containing minute hematite inclusions as 
disintegration structures of the solid solution. 
Several stages of this disintegration have been 
established. 


Locally associated with ilmenite and, 


‘obviously, the products of its decomposition 


are rutile and sphene. 

Anthophyllite-cordierite-biotite rocks were 
noted by M.G. Khisamutdinov in the Talovsk 
metamorphic zone [7]. According to him, 
they have been formed by the action of mag- 
nesia-rich, high temperature solutions in the 
shales along the foot wall of massive copper- 
pyrite ores. 


Similar formations of copper-pyrrhotite 
ores in the Vavilonsk and Karchiginsk sites 
have been described by several authors. 


3. MESOTHERMAL DEPOSITS 


Mesothermal alteration is poorly devel- 
oped in sulfide zones; they are little known, 
therefore they are discussed here only 
in their most general features. In localities 
where they are superimposed upon hypother- 
mal metasomatism, the relation and the 
sequence of both processes are clearly 
defined. 


At the Near-Irtysh group of ore sites, as 
well as at the Maleyevsk site, the ore pro- 
cess developed according to the greenstone 
alteration mode, whereas the greisenization 
process was more important at the Paryginsk 
site. At the Talovsk and Zyryanovsk sites, 
M.G. Khisamutdinov found phlogopitization, 
as well. 


The greenstone alteration products were 
studied by L.K. Pozharitskaya, V.I. Kazen- 
nova, and T. Ya. Goncharova. 


In all sites listed in the skarn description, 
mesothermal] alteration is superimposed upon 
the skarn zones, but in each case developed 
aureoles are more extensive than the skarns; 
in some areas, especially associated with 
intermediate and basic extrusives, alteration 
has no connection with the skarns. The 
ajteration is present throughout the skarn 
zone, but the best development is associated 
with faults, where the skarns are perceptibly 
shattered and almost completely replaced by 
minerals of epithermal paragenesis. In the 
remaining localities, there has been only 
partial decomposition and replacement of the 
skarns. 


The two main facies of these alterations 
are identified by their mineral composition: 


‘epidote-actinolite, and epidote-chlorite. 
Scattered pyrite incrustations are every- 
jwhere present in both facies. 


The epidote-actinolite facies, evidently 
\of somewhat higher temperature, makes up 
the inner subzone of skarn contact rocks 
whereas the lower temperature epidote- 
chlorite facies, represents the middle and 
«more widespread facies. 

Biotite is active in the paragenesis of 
fepidote and actinolite, at the Talovsk and 
iBerezovsk ore sites; albite, in the epidote 
9and chlorite paragenesis of the Berezovsk, 
JNikolayevsk, and Rulikhinsk sites, as is 
sprehnite in the outermost zones of the Rulik- 
thinsk and Nikolayevsk sites. 


Microscopic study has shown that in skarn 
jdecomposition, actinolite had developed 
ichiefly from pyroxenes, whereas epidote and 
sprehnite are from garnets. Garnet, as a 
ineral, is more stable than pyroxene and 
icommonly persists where the latter has been 
Mfully actinolitized. Thus, at the Rulikhinsk 
vand Berezovsk sites, the pyroxene is almost 
ifully decomposed, whereas the garnet is 
fonly partially so. 

_ The greenstone alteration is especially 
“well developed at the Rulikhinsk site (Fig. 1) 
where it has spread far beyond the skarn 
"zones, having been developed at the expense 
‘of the porphyrites in the hanging wall of the 
ore body. The thickness of the Rulikhinsk 
|porphyrites is considerable. There, the 
‘greenstone alteration is zoned into the same 
‘main facies: epidote-actinolite and epidote- 


H . . 
‘chlorite. The inner epidote-actinolite zone 


it was possible to establish that epidote had 
‘developed chiefly from plagioclases, whereas 


times from chlorite. 


| The middle zone, 50 to 70 m thick, is 
‘characterized by the development of epidote 
‘associated with quartz, chlorite, albite, and 
prehnite. The epidote is very unevenly dis- 
tributed, but more common in the inner zone 
Epidote in association with quartz occurs as 
‘concretions, as much as 10 cm in diameter, 
‘in a weakly epidotized matrix. In the outer 
‘zone, the epidote forms minute concentra- 
tions, and a network of fine monomineral 
veinlets, intricately interwoven but which 
rapidly wedge out. In this zone, the epidote 
‘commonly has been developed at the expense 


of carbonates. 


Chlorite is more evenly distributed 
throughout the zone, having been developed 
‘in close association with epidote, and re- 
placing the main body of the rock, pyroxene 


‘is 30 to 50 m thick. In less altered localities, 


‘actinolite developed from pyroxenes and some- 
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FIGURE 1. Rulikhinsk Ore Site. Diagrammatic 
cross section by T.V. Zorova and 
L.K. Pozharitskaya 


] -- Unconsolidated deposits; 2 -- plagio- 
granite-porphyries of the Zmeinogorsk complex; 
3 -- diabase porphyrites, porphyrites, and tuffs 
of mixed and acid composition; 4 -- undifferen- 
tiated tuffs and lavas of quartz albitophyres; 
5 -- tectonic breaks; 6 -- ore zone; 7 -- epi- 
dote-actinolite zone; 8 -- epidote-chlorite zone; 
9 -- zone of intensive sericitization. 


inclusions, and at times, plagioclase. The 
phenocrysts in the porphyrites also are 
usually replaced by chlorite. In close asso- 
ciation with chlorite, the recrystallization of 
albite was progressing. 


Prehnite was observed in the outermost 
part of the zone, only; there, it had devel- 
oped at the expense of carbonates and albite 
of the main body of porphyrites, and in the 
plagioclase inclusions. Locally, prehnite 
has replaced chlorite in the phenocrysts. 


Along its periphery, the epidote-chlorite 
zone is replaced by carbonate-albite-chlorite 
which belong to epithermal deposits and is 
described below. 


The chemical balance in the formation of 
these rocks is described by L.K. Pozharit- 
skaya (Fig. 2) who notes that it is featured 
by sodium leaching and an addition of water. 
The change in other components is negligible. 


In addition to the porphyrites, the green- 
stone alteration also took place in tuffogenous- 
sedimentary rocks, silico-calcareous and 
calcareous argillites, limestones, tuffogenous 
sandstones, conglomerates, and acid tuffs 
with an admixture of sedimentary material. 
However, here these alterations were less 
distinct and of a more sporadic character. 
New deposits of epidote, chlorite, and rarely 
actinolite, originated in the rocks, usually as 
small, irregular concentrations. 
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FIGURE 2. Diagram of Change in Chemical Composi- 


tion of Porphyrite, in Hydrothermal Ore Contact 
Metamorphism. Rulikhinsk Ore Site 
(calculated by: oxygen method) . 


| -- Unaltered porphyrite (average of 4 ana- 
lyses); Il -- Porphyrite from chlorite-carbonate 
alteration zone; III -- Porphyrite from Chlorite- 
epidote alteration zone; IV -- Porphyrite from 
actinolite-epidote alteration zone; V -- Porphy- 
rite from an area of intensive pyritization. 


A detailed optical and, in some cases, 
chemical description of the minerals, com- 
posing the new formations of the greenstone 
alteration zone is given by L.K. Pozharit- 
skaya (1956). She points out a great variation 
in the composition and properties of epidotes 
and actinolites, even within a single ore 
deposit. 


The greisenization processes are present 
only in the Paryginsk ore site, but even here 
there are no typical greisens. 


The onset of the mesothermal metasomatic 
stage is here related, according to V.P. Bon- 
darev, with an active influx of small amounts 
of Li, Zr, Sr, in F, Cl, B, and P solutions, 
and with the formation of the two following 
mineral complexes: 1) quartz, muscovite, 
tourmaline, apatite, albite, epidote, cassi- 
terite; 2) the formation of sphene and rutile 
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took place at the same stage. 


The first complex has become very wide- 
spread. It is best developed directly in the 
fractured belts of granodiorites, within the 
aureoles attaining 400 m. The second com- 
plex is more localized in contact areas of 
lamprophyre dikes. The thickness of the 
aureoles do not exceed 120 m. It is possible 
that molybdenite inclusions, scattered through 
out the granodiorites, as discovered by V.P. 
Bondarev in 1954, are related to the greiseni-/ 
zation phenomena. 


In zones of secondary fracturing localized 
along the contacts of granodiorites with lam- 
prophyre dikes, the new mesothermal min- 
erals were subject to decomposition and 
replacement by epithermal paragenetic asso- 
ciations of the following minerals: pyrite- 
chlorite-carbonate minerals, and pyrite- 
quartz-sericite. 


The epithermal processes terminated with 
the formation of sulfides, in the usual Altai 
sequence, and with post-ore veins of quartz 
and calcite, and locally with zeolite, chlorite, 
prehnite, fluorite, and coarse crystalline 
epidote. The veins are 1 to 2 m thick. 


Processes of phlogopitization were observ: 
by M.G. Khisamutdinov at the Talovsk and 
Zyryanovsk ore sites. In the former, phlo- 
gopitization was developed in rocks rich in 
alumina (shales and acid extrusives) in the 
hanging wall of copper-pyrite ores, as a 
result of the action of ferro-magnesian and 
potassium metasomatism. 


The formation of phlogopite at the Zyrya- | 
novsk ore site was associated, according to 
M.G. Khisamutdinov, with an uneven tem- 
perature rise in the solutions active in the 
process of potassium metasomatism which 
had brought about the sericitization. This 
process is described in the following chapter. 


4. EPITHERMAL DEPOSITS 


Later epithermal deposits are widespread 
in all polymetallic ore sites of the Altai; 
they form the main body of rocks altered by 
contact processes. The formation of these 
rocks took place during a later period than 
that of the products of high and middle tem- 
perature stages, from which it is separated 
by a period of tectonic movements. 


With reference to the formation time of 
polymetallic ores, the alterations of the 
host rocks occurred prior to ore formation; 
alteration of ore occurred during, and after, 
deposition. 


! ment are: chloritization, 
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Alterations Prior to Ore Formation 


In all ore sites under investigation, the 
main metasomatic stage of alteration of the 
enclosing rocks was separated from the 
sulfide stage proper, by a period of deforma- 


i tion. This has been confirmed by the follow- 


ing investigators: M.S. Bezsmertnaya, L.K. 


* Pozharitskaya, M.A. Petrova, M.G. Khisa- 


mutdinov, Z.V. Sidorenko. According to the 
data by M.S. Bezsmertnaya and M.G. Khisa- 
mutdinov, a change in the type of deforma- 
tion took place during this stage. The pre- 


_ dominant process of schistosity formation 


(plastic deformations) gave place to breccia- 
tion (crushing deformations). 


The most widespread processes of hydro- 
thermal metamorphism in the Altai environ- 
sericitization, car- 
bonatization, foliation, baritization, and talc 
replacement.! 


Rutile is found in all ore sites, but always 
in negligible amounts in the altered rocks. 
Sphene occurs locally. In isolated instances 


| tourmaline, fluorite, and albite, microline, 
| and apatite occur. Zeolites are found at the 


Nikolayevsk and Paryginsk ore sites, adu- 
laria, at the Zmeinogorsk and Zyryanovsk 
sites, and hypogenous gypsum at the Niko- 
layevsk ore site. Quartzitization, until 
recently, was thought to be one of the typi- 
cal ore contact phenomena in the Altai. 
Microquartzites* and related siliceous rocks 
are widespread throughout the many ore 
sites, especially of the polymetallic type. 
This is shown at Leninogorsk, Zmeinogorsk, 
Petrovsk First, Zavodinsk, and Zyryanovsk. 
They are known from such essentially pyritic 
ore deposits as Grekhovskiy, Maleyevsk, 
Zolotushinsk, Sugatovsk, and Talovsk. 


In most cases, microquartzites are 
emplaced in the foot wall of sulfide ores and 
are, in many places, themselves ore bearing, 
chiefly polymetallic minerals, rich in barite. 


The selective affinity of lead-zinc ores 
and barite for siliceous rocks, and copper- 


' pyrite ores for the chloritic types, is espe- 


cially pronounced at the Zolotushinsk ore 
site where both types are fairly widespread. 


Subsequent to the studies by N.N. Kurek 


1The last two processes, in essence, accom- 
panied the ore formation; therefore, they are 
described in the next chapter. 


?Microquartzites were first identified in the 
Altai by N.I. Kurek. By microquartzites, or 
hydrothermal sericite quartzites (depending on 
the grain size), is meant metasomatic massive 
rocks consisting primarily of quartz and seri- 
cite, and lacking any traces of the original 
structure [3] : 
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and D.M. Shilin [5], the genesis of all 
siliceous rocks developed near ore sites was 
associated with the process of ore-contact 
metamorphism. In recent years, under the 
influence of many new facts, these ideas 
have been revised, and some investigators 
(P. F. Ivankin, M.A. Petrova, G.N. Shcherba, 
Z.V. sidorenko, T.V. Kirova, and L.N. 
Bel'kova) have voiced the opinion that cer- 
tainly not all essentially siliceous rocks, 
thought to be hydrothermal quartzites and 
microquartzites, have been formed as a 
result of silica enrichment from ore-bearing 
solutions. Many varieties of quartz rocks 
possess properties which give weight to the 
assumption of their primarily sedimentary 
origin, in spite of siliceous deposits being 
common in areas of active volcanism. At a 
number of ore sites (Zmeinogorsk, Bere- 
zovsk, Zolotushinsk), siliceous deposits in 
the economic mineralized zones carry micro- 
organic remains (radiolaria, sponge spicules). 


Studies by L.N. Bel'kova (1954) have 
established that some siliceous rocks, namely 
those developed in the vicinity of the Zavo- 
dinsk mines, represent secondary quartzites 
gravitating toward the centers of ancient 
volcanic eruptions and genetically related with 
them. 


Thus, the coincidence of silica-rich and 
sulfide ores at many Altai localities appar - 
ently has no genetic connection but is 
explained by the physico-chemical properties 
of these rocks which make them favorable to 
the penetration and circulation of the solu- 
tions. Brittle siliceous rocks are very favor- 
able to the formation and preservation of 
fissures. This conclusion is in agreement 
with the fact that ore bodies are chiefly 
associated with the hanging wall of micro- 
quartzites. 


Hydrothermal solutions, poor in SiO9, 
could have dissolved and redeposited con- 
siderable amounts of primary silica; second- 
ary hydrothermal quartzites, and in places 
veins and veinlets, originated by this pro- 
cess. The considerable amount of silica 
leaching and redeposition in the ore-making 
process at Zyryanovsk was pointed out by 
V.P. Prosnyakov; at Nikolayevsk and Zolo- 
tushinsk, by L.K. Pozharitskaya; at Bere- 
zovsk, by M.S. Bezsmertnaya. 


A lack of clean-cut distinction between 
siliceous rocks of different origin requires 
the designation of all related formations with 
a single name. The term "microquartzite, " 
has a long-standing priority in the Altai, and 
is the most convenient, although not always 
genetically, precise. 


Chloritization is a very common process 
of ore contact metamorphism in the Altai 
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polymetallic ore deposits, two types are 
differentiated: chlorite formation in the outer 
zones of the metasomatic aureoles proceeded 
at the expense of the original rocks, appar- 
ently without any additional components 
brought in by solutions during various hydro- 
thermal stages. The other type of chloritiza- 
tion occurred chiefly in the economic ore 
zones, in connection with an intehsive mag- 
nesian and ferro-magnesian metasomatism of 
an early stage of epithermal metamorphism. 
In the areas of dislocation and of especially 
active circulation of solutions, the deposition 
of monomineral chloritic rocks of vein type 
occurred at the expense of rocks of various 
composition, including those rich in silica. 


A manifestation of ferro-magnesian meta- 
somatism at the outset of the metasomatic 
stage was established by M.S. Bezsmertnaya 
for the Berezovsk ore site; by L.K. Pozhar- 
itskaya, for the Nikolayevsk; by M.G. Khis- 
amutdinov, for the Zyryanovsk and Talovsk 
[8]; by A.G. Posysoyev, for the Zolotu- 
shinsk (1953). 


At the Berezovsk ore deposit, chloritiza- 
tion was a result of action by hydrothermal 
solutions of the first epithermal stage, on 
the enclosing rocks, as expressed in the 
appearance of chlorite and sericite-chlorite 
schists. Chlorite schists lie in elongated 
zones, from several centimeters to several 
meters in thickness, commonly in contact 
with essentially siliceous rocks, at whose 
expense they appear to have been formed. 

In the contact zone, siliceous rocks acquire 
a greenish color and contain chlorite part- 
ings aligned with the schistosity. The chlori- 
tic rocks, in their turn, commonly carry 
fragments of siliceous rocks, of various 
sizes. The areas of monomineral chloritic 
rocks can be traced for tens of meters, 
along the strike. As indicated by hydrother- 
mal analyses, the Berezovsk chlorites belong, 
in N.A. Ivanova's classification, to the 
ferro-magnesian variety, being nearest to the 
rhipidolites, or else to magnesian chlorites 
of the prochlorite-corundum-phyllite subgroup. 


At the Nikolayevsk ore site, the ferro- 
Mmagnesian metasomatism is especially well 
traced by a regular alteration in the mineral 
composition of agglomeratic acid tuffs, toward 
the contact with the ore body. As described 
by L.K. Pozharitskaya, a small amount of 
chlorite in the cement, and a somewhat inten- 
sified pyritization (as much as 7 percent), 
occurs in sericitized quartz albitophyre tuffs, 
over 40 m from the ore body. Nearer to it, 
the amount of chlorite increases, the cement 
becoming an aggregate of quartz and chlorite, 
with well-defined unaltered’ sericitized frag- 
ments. Some 20 m away from the ore body, 
the chlorite-quartz aggregate begins to pene- 
trate these fragments, with an increase in 


W)1 


Atoms to unit of volume (to 16 atoms of oxygen) 


the amount of pyrite. In contact with the ore 
body, the rock becomes a chlorite-quartz 
aggregate, well saturated with pyrite. In its 
optical properties, chemical composition, 

and thermal characteristics, this chlorite, 

in D.P. Serdyuchenko's classification, is pro- 
chlorite. 


From chemical analyses, and from L.K. 
Pozharitskaya's diagram (Fig. 3) constructed 
from the analyses, the following alterations 
are inferred for the more intensively meta- 
morphosed chloritized and pyritized tuffs of 
the quartz albitophyres located near the ore 
body: 1) iron, magnesium, and hydroxyl con- 
tent is sharply increased; 2) the alkali con- 
tent decreases considerably; 3) the silica and 
alumina content~is somewhat decreased. 


NOTE: 


Comma represents decimal point. 


FIGURE 3. Diagram of change in chemical com- 
position of quartz albitophyre tuffs in ore 
contact metamorphism. Nikolayevsk ore 
site (computed by oxygen method) 


| -- Unaltered quartz-albitophyre tuff (av- 


erage of 8 analyses). Leached zone; || -- partly 
sericitized quartz-albitophyre tuff; Ill -- fully 
sericitized quartz-albitophyre tuff. Quartzi- 
tized zone; IV -- quartzitized quartz-albitophyre 
tuff. Ferro-magnesian metasomatism; V -- chlori- 
tized quartz-albitophyre tuff; VI -- strongly 


pyritized quartz-albitophyre tuff. 


Away from the ore body, the intensively 
pyritized and chloritized rocks give place to 
quartzose rocks. There is a sharp increase 
in silica, apparently leached from the proxi- 
mate zone and redeposited farther out. Away 
from the ore body, there is also a sharp 
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‘drop in the hydroxyl content. Sodium is 

! e 
almost fully leached, but some potassium 
remains in quantities somewhat smaller than 
in the unaltered tuffs. 


| 


Still farther away from the ore body, there 
is a leached zone, represented by sericitized 
tuffs of quartz albitophyres. Here, the 
changes consist in leaching of sodium and 
addition of hydroxyls, with the other com- 
ponents changed but slightly. 


An early stage of magnesian metasomatism 
prior to ore formation, was described at the 
‘Zyryanovsk site by M.G. Khisamutdinov [8]. 
He mentions a widespread development in the 
ore zone, of nearly monomineral chlorite 
ifound as metasomatic veins chiefly at the 
(contact of microquartzites with carbonate- 
‘argillaceous schists. These metasomatic 
veins are quite common in the microquartz- 
ites themselves, as described by us for the 
Berezovsk site. Speaking of the balance 
‘between the incoming and outgoing material, 
‘M.G. Khisamutdinov [8] says: "Rocks of a 
‘composition anywhere near that of mono- 
‘mineral chloritic varieties, are fully lacking 
‘in this ore site. The richest in magnesia 
whornblende rocks, carbonate-argillaceous 
|schists, and hornblende porphyrites, contain 
}but 3 to 10 percent MgO and 10 to 15 per- 
jcent Al9O03; i.e., their complete replacement 
by chlorite would require additional 10 to 15 
tpercent MgO, 15 to 20 percent Al9O3, and 
fremoval of nearly 50 percent SiOg, and 
mearly all iron." 


| The development of intensive chloritization 
jin "all rocks without exception" in the fault 
zones of the Zolotushinsk ore site, is de- 
/scribed by A.G. Posysoyev. His numerous 
jsketches and factual observations illustrating 
this thesis, agree closely with our own ob- 
{servations at the Berezovsk ore site. 


The Altai chloritization is not a specifi- 
ically ore-forming process, but rather an 
yaspect of regional metamorphism. In porphy- 
rites, it also may be an aspect of autometa- 
‘morphism. This causes considerable difficulty 
‘in separating the chlorite formed in the ore 
‘formation process. Establishing the outer 
boundary of a chloritization zone is espe- 

f ially difficult in basic rocks, because the 
imanifestations of ore contact metamorphism 
‘in the outer reaches of an alteration aureole 
‘are very similar to those of auto- and 
regional metamorphism for these rocks. 
‘According to the data of L.K. Pozharitskaya, 
chlorite formed in the Rulikhinsk prophyrites, 
‘as a result of autometamorphism, differs 
(from the mine chlorite in its lower refrac- 
tive index (¢= 1.588), positive optical sign, 
‘and higher silica content in tetrehedral 
/Zrouping. 
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According to Yu. F. Myshkova (1956) 
chlorites of the Berezovsk ore zone differ 
from the chlorites typical of the Irtysh in- 
tensively folded zone, in their coarser grain 
and higher interference colors. 


The ore chlorites differ greatly in their 
chemical composition and properties. A 
detailed description of the Altai chlorites is 
given by M.V. Tashchinina, L.K. Pozharit- 
skaya, and T. Ya. Goncharova, for the 
Irtysh group of deposits. 


Sericitization, like chloritization, is a 
typical ore contact metamorphic process in 
the enclosing rocks of the Altai ore sites. 
Two genetic types of sericitization are recog- 
nized. In the first one, the sericitization 
process is accomplished by the leaching of 
sodium. The second process is accomplished 
by potassium enrichment from the hydrother- 
mal solutions. As a result of the latter, 
sericitolites were formed, in many places 
developed by replacing the chlorite rocks 
which, in their turn, had originated from 
ferro-magnesian metasomatism. 


Sericitization of the first type does not 
exhibit any definite relationship with the ore- 
forming processes, being confined usually 
to the periphery of the alteration aureole, 
along the disturbed zones in acid rocks. 
According to many investigators, it is related 
to early epithermal stages of the hydrother- 
mal process, proceeding virtually without 
any additional material being brought in by 
solutions, and solely at the expense of 
leaching and redistribution of the rock mate- 
rial. 


The zonal structure of the hydrothermal 
alteration aureoles in acid rocks is described 
by L.K. Pozharitskaya, for the Nikolayevsk, 
Rulikhinsk, and Shemonaikhinsk ore sites. She 
recognizes two principal zones. The inner 
one, in immediate contact with the ferro- 
magnesian metasomatic zone, is a leached 
zone, Its thickness is 100 m, at the Niko- 
layevsk site; 50 to 200 m, at the Shemonai- 
khinsk zone; 30 to 40 m, at the Rulikhinsk 
zones, The leached zone rocks are repre- 
sented by intensively altered tuffs and lavas 
of quartz albitophyres. The alteration is 
effected through the replacement of albite and 
glass, by an aggregate of sericite and fine- 
grained quartz. 


The outer zone is that of recrystallization 
without any perceptible change in the mineral 
content. At the Rulikhinsk site, it begins at 
a distance of 50 m from the ore body and 
persists throughout the entire thickness of 
the explored section. The recrystallization 
is expressed in numerous and somewhat in- 
distinct veinlets of coarse-grained albite, 
commonly hemmed by thin fringes of chlorite 
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and sericite. Incipient twinning occurs in 
the albite grains. 


In the zones of progressive metasomatism, 
sericitization is associated with potassium 
enrichment from solutions. Potassium meta- 
somatism is recognized in the Altai, by 
many investigators; we described it from 
the Berezovsk ore site, on the basis of the 
replacement of chlorite by sericite, in a 
zone of ferro-magnesian metasomatism. 
Along with sericite, the Berezovsk sericito- 
lites contain carbonate and pyrite. A similar 
phenomenon, although on a considerably 
smaller scale, was described by Z.V. Sido- 
renko from the Zmeinogorsk ore site (1955). 
In certain so-called “boulder'' zones of that 
site, according to her data, sericite replaces 
chlorite. 


At the Zyryanovsk ore site, an intensive 
manifestation of potassium metasomatism, 
subsequent to the formation of chloritized 
aureoles, is noted by M.G. Khisamutdinov 
[8]. Accordingly, potassium metasomatism 
occurred during the same stage as the 
deposition of the main body of polymetallic 
ores, but somewhat before the sulfide min- 
eralization. He states, “New minerals of 
this stage of metamorphism suggest a period 
of intensive potassium metasomatism, as 
well as an influx of a considerable amount 
of F, P, HgS, leading to the formation of 
such minerals as phlogopite, muscovite, 
sericite, quartz, and pyrite; less commonly 
adularia, microcline, and apatite; still 
less common chalcopyrite and some spha- 
lerite and tourmaline." 


M.G. Khisamutdinov explains the presence 
of phlogopite in these deposits, by a differ- 
ential temperature rise during the process, 
immediately before ore deposition; this was 
caused by an intrusion of aplite dikes syn- 
chronous with the youngest of the upper 
Paleozoic microcline granite intrusions. 

The term, 'sericitolite,"' was first intro- 
duced by N.N. Kurek, and since has acquired 
such a wide recognition throughout the Altai 
as to become an idiom with the mining geol- 
ogists. 


Sericitolites, as discrete rocks, were 
identified from the Leninogorsk mines, in 
1939. According to N.N. Kurek, they are 
light gray rocks composed chiefly of seri- 
cite. Dolomite, pyrite, and light-colored 
sphalerite are present as admixtures; less 
commonly, other sulfides, quartz and 
chlorite are present. The dolomite commonly 
occurs in radial spherocrystals and their 
associations. In their external aspect, these 
rocks resemble serpentinites. 


When dolomite or chlorite becomes a 
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dominant component, the rock is called 
dolomitolite of chloritolite, correspondingly. 


Chloritolites and dolomitolites are poorly 
developed in the Leninogorsk mines, but are 
well known from the Zyryanovsk, Zolotushinsk, 
and Berezovsk ore sites. Evidently, they are 
more typical for the essentially pyritic type 
of ore sites, whereas the sericitolites proper 
are peculiar to the polymetallic bodies. We 
include with chloritolites, the monomineral 
chloritic rocks formed as a result of ferro- 
magnesian metasomatism. 


A characteristic feature of all these rocks 
is a combination of bedding and vein emplace- 
ment. N.N. Kurek notes that occasionally 
sericitolites cut the massive sulfide ores. 

It does not appear that any such instances 
have been noticed for chloritolites and dolo- 
mitolites. 


The problem of the manner in which these 
sericitolites originate has not yet been 
definitely solved. N.N. Kurek regarded them 
as a vein type deposit, precipitated directly 
from hydrothermal solutions toward the 
close of the ore forming process. Most 
investigators regard them as metasomatic 
rocks. The deposition mechanism for the 
transversal sericitolite lenses, in that case, 
is not unlike that for the metasomatic veins, 
which is in some agreement with N.N. 
Kurek's ideas. 


Likewise, the time of occurrence of 
potassium metasomatism in the sequence of 
the hydrothermal process has not been deter - 
mined. The preponderance of data from 
various localities, and of different investi- 
gators, suggests its proximity to ore forma- 
tion. Evidently, potassium metasomatism 
immediately preceded the deposition of the 
main body of sulfides, and developed parallel 
with it for a while. In those ore sites where 
sericitization was the predominant process 
(Leninogorsk group), it could have been pro- 
longed, even up to the termination of the 
ore making. 


Of significance is the poor development 
of potassium metasomatism in the essentially 
pyritic type ores. According to the data by 
Pozharitskaya, potassium metasomatism is 
virtually lacking at the Nikolayevsk ore 
site, and poorly developed at the Zolotushinsk. 


Carbonatization. Carbonates are typical 
late deposits in the ore making process 
throughout the Altai. Only at the Paryginsk 
ore site are they comparatively poorly 
developed. In most cases, theirs was not a 
separate phase of development but rather 
one in conjunction with some other leading 
process of various stages of hydrothermal 
activity. Three typical methods of carbon- 
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{| atization can be separated at the Altai ore 
sites: 1) porphyroblasts; 2) nests of irregular 
form, scattered throughout pre-ore quartz 
veins; 3) thin veinlets of a post-ore stage. 
Furthermore, the Berezovsk and Zolotu- 
shinsk ore sites are known to contain small 
metasomatic dolomite bodies emplaced in 

{ highly chloritized rocks. It is not clear, as 
} yet, whether these bodies are independent 
metasomatic deposits of hydrothermally meta- 
morphosed limestone lenses. 


Carbonates of the ore process are highly 
diversified in their composition. The follow- 
ing varieties have been recognized by M.V. 
Tashchinina: calcite, mangano-calcite, dolo- 
mite, ankerite, siderite, and magnesite. 
From the optical constants, as determined 
( by immersion, mesitite is also recognized. 
| The most common are dolomite, ankerite, 
and calcite, whereas the other varieties 
are rare. All of the varieties, with the 
exception of calcite and mangano-calcite, 
occur in porphyroblasts. Calcite is most 
typical for post-ore veins and for deposits 
of a late polymetallic phase. 


Listvenitization in the Altai is herewith 
recognized for the first time. We believe it 
possible to include in this process the 
quartz-chlorite-dolomite and albite-chlorite- 
dolomite metasomatic rocks of the Rulikhinsk 
and Nikolayevsk ore sites, which developed 
from dolomites in the outer aureole of 
altered rocks. As is well known, D.S. Kor- 
zhinskiy [2] thinks it advisable to broaden 
the term, ‘"'listvenitization,"' to include ‘all 
processes of ultra-basic carbonization, 
occurring under the action of solutions 
which bring about berezitization of acid 
rocks." According to our data, the essen- 
tially sericitic rocks of the Altai are very 
similar to berezites, both in their origin and 
composition, although possessing certain spe- 
cific properties. The quartz- and albite- 
chlorite-dolomite rocks, as described below, 
are developed from porphyrites, by the ac- 
tion of the same solutions resulting in the 
sericitization of acid lavas. Thus, in this 
case, they fit Korzhinskiy's definition of 
"listvenitization. " 


The Altai listvenites consist chiefly of 
dolomite and chlorite, with some admixture 
of either quartz or albite. It is the presence 
of one or the other that determines the min- 
eral phase of listvenites, namely the quartz- 
chlorite-dolomite or albite-chlorite-dolomite. 


The chlorite of listvenites, in its chemi- 
cal composition, optical properties, and 
thermal characteristics, corresponds to 
ferro-magnesian prochlorite. The dolomite 
is white, with the refractive index, «= 1.500- 
1.505; ¥ = 1.677-1.687. Spectral analyses 
show a constant admixture of small amounts 
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of iron and manganese in the dolomite. 


Pyritization, in one form or another, pro- 
ceeded in conjunction with the several pro- 
cesses of metasomatism of the enclosing 
rocks, with liberation of iron in the decom- 
position of the primary rock minerals. Its 
magnitude, undoubtedly, was in direct pro- 
portion to the iron content of the original 
rocks. 


Ore Contact Alterations of the Ore Stage 


These alterations are considerably less 
widespread and less distinct when compared 
with metasomatism of the pre-ore stage of 
hydrothermal metamorphism. 


Metasomatic alteration of the ore stage 
essentially is a recrystallization of previously 
formed minerals. Thus, fine-grained chlorite 
changes to the coarse-grained; sericite to 
fine muscovite, etc. 


However, some of the alterations cause a 
change in composition and a deposition of 
new mineral varieties. For example, the 
formation of the main body of talc is evi- 
dently connected with this stage. Talc origi- 
nates at the edges of carbonate veins, and is 
developed where the veins cut chlorite or 
dolomite formations. Among the vein minerals 
originating during this stage (although not 
products of metasomatic reactions but rather 
the results of precipitation) are barite, 
fluorite, tourmaline, apatite and other min- 
erals. 


Ore Contact Alteration of the 
Post-Ore Stage 


The alterations of this stage are some- 
what similar to the previous stage. They are 
likewise represented by a series of quartz- 
carbonate veins, commonly carrying sericite, 
chlorite, albite, and some barite and gypsum. 
The vein quartz is fine grained, less com- 
monly chalcedonic. The carbonates are 
chiefly represented by calcite. Characteristi- 
cally, these veins cut across the schistosity, 
and at times across the ore body itself. 

The aureoles of vein distribution are quite 
diversified. At the Nikolayevsk ore site, 
the contact metamorphic rocks of this stage 
made up a zone a few hundred meters wide. 
At the Rulikhinsk ore site, the formations 
stretch from the ore body toward the hang- 
ing wall, a distance of 30 m, and toward 
the foot wall, a distance of 20 m. 
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5. SUMMARY 


In the process of hydrothermal alteration 
of the Altai polymetallic ores, a very com- 
plex picture of the redistribution of late- 
formed hydrothermal minerals usually occurs; 
the character of the alterations, as it appears 
from the foregoing description, depends on an 
irregular expression and combination of many 
factors. 


The temperature of the metasomatic pro- 
cesses varied in different ore sites. In some 
localities, metasomatic processes started 
with the deposition of hypothermal mineral 
associations (skarns), subsequently changing 
to the mesothermal stage (epidote-actinolite 
associations), but the best developed are the 
epithermal deposits (chloritolites, sericito- 
lites, and listvenites). However, in most 
polymetallic ore sites of the Altai, the high- 
and middle-temperature processes were ; 
either not active or only slightly so, with 
the metasomatic phenomena beginning directly 
with the low-temperature stage. 


Apart from the temperature, the mineral 
composition of the metasomatic deposits 
depended on the composition of the source 
rocks and of the hydrothermal solutions. 
Especially important was the source rock 
composition for the later deposition in the 
peripheral areas of metasomatic zones. 
Thus, the chloritization and listvenitization 
processes took place in basic and intermedi- 


ate rocks. Sericitization was important in 
acid volcanic rocks. 


As to the central parts of metasomatic 
zones, the composition of many late-formed 
minerals was determined chiefly by the con- 
tent of hydrothermal solutions. This is con- 
firmed by the fact that chloritolites and 
sericitolites of many sites have been devel- 
oped on most diversified volcanic or sedi- 
mentary rocks. 


Thus, two types of metasomatism can be 
distinguished. In the first, there is no sub- 
stantial influx of components (save hydroxyl). 
This type of metasomatic rocks is more or 
less the result of leaching. The second type 
is associated with the intensive influx of 
components from hydrothermal solutions. 
The initial and middle stages of the meta- 
somatic process were marked by the inten- 
sive influx of magnesia and iron, which 
subsequently gave place chiefly to potassium 
enrichment. Both types are links of a single 
metasomatic chain. 


All this is in full accordance with the 
ideas of metasomatic phenomena developed 
by D S. Korzhinskiy [2], and is confirmed 
by the presence of metasomatic zonation in 
a number of Altai polymetallic ore deposits. 


An idealized outline of the development of 
metasomatic zones for the Altai polymetallic 
ore sites is as follows (Table 2). 


Table 2 


In intermediate 


In sedimentary, 


Zone In acid volcanics and basic argillaceous, and 
volcanics carbonate rocks 
Of recrystalli- | Albite-sericite rocks| Albite-chlorite- 
zation with quartz dolomite rocks ?s 
Direction 
of move- 
; ; ment for 
Of leaching Quartzite-sericite Quartz-chlorite- hydro- 
rocks dolomite rocks ? thermal 
solutions 


Hydrothermal quartzites and zones of development of quartz 


Of ferro-mag- 


veins and veinlets 


ne sian and Chloritolites 
potassium Sericitolites 
metasomatism Ore zone 
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CERTAIN FEATURES 
OF SMALTITE-CHLOANTHITE OXIDATION PROCESS 


by 


A. A. Godovikov and V. A. Kudryakova 


The authors believe that a zonal structure is usual for smaltite-chloanthite. The individual 
zones, judging by their contacts, are differentiated by their chemical composition, and by 
their nickel and cobalt content, with cobalt arsenide - skutterdite, as a consistent component. 
Its accumulation in partially oxidized specimens may be the cause of the enrichment by cobalt | 


of their arsenide portion. 


It is well known [15] that a characteristic 
feature of smaltite-chloanthite is its zonal 
structure, easily demonstrable by treating 
polished sections with various solvents. 


This property of smaltite-chloanthite is 
usually caused by the different composition 
of its component zones. Thus, in contact 
imprints with rubeanic acid, as obtained for 
coarse crystalline aggregates and individual 
crystals, some of the zones are intensely 
blue, whereas the color of the others is 
paler, and not pure blue but reddish blue. 
Such a distribution of color may only be the 
result of zones being represented by a min- 
eral rich in nickel, whereas others are 
represented by a cobalt-rich mineral. 


It is of interest that coarse-crystalline 
aggregates with fairly good facet differentia- 
tion are usually marked by a parallel align- 
ment of their zones, in relation to each 


other and to the outer crystal facets (Fig. 1). 


Moreover, some of the specimens display 
clean-cut, beaded zonal areas similar to 
those described by G.G. Lemmleyn [4], for 
some quartz crystals. Some specimens ex- 
hibit the appearance of zones at a particular 
moment of crystal growth, and their disap- 
pearance in later stages. Such small zones, 
truncating the principal zones of the crystal, 
are seen on Figure 1. Their appearance, 
and that of the beaded zonal areas, probably 
was the result of a change in the crystal 
growth conditions, bringing about a change 
in the speed of the development of individual 
facets. 


Thus, in their morphological features, 
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the individual smaltite-chloanthite crystal 
zones are typical growth zones. 


In the study of partially oxidized smaltite- 
chloanthite specimens, it has been establish 
that the individual crystal zones do not be- 
have in the same way: some oxidize slower 
than others. The zonation thus revealed is 
characterized by the same morphological 
features as revealed by the treatment and 
with the help of contact impressions. 


Figure 2 shows a polished specimen of 
coarse-crystalline smaltite-chloanthite aggre-_ 
gate. From the surfaces, the crystals of 
this specimen appeared to be fully homog- 
enous. However, a crosscut revealed but a 
small amount of residual arsenide, forming, 
apart from the outer crust, a series of 
zones of various thickness, alternating with 
secondary minerals with smolyaninovite and 
erythrite predominant among them. 


A similar picture was observed under the 
microscope, for some specimens. Figure 3 
shows a specimen with residual zones of 
unoxidized arsenide, alternating with the 
sooty products of oxidation. 


The zonation of smaltite-chloanthite, in 
oxidation, is present even when the mineral 
has been replaced almost fully by secondary 
products (Fig. 4). 


It is of interest that in some cases the 
smaltite-chloanthite zonality is present inside 
the grains, only, with the outer crust of 
such grains almost unaffected by the oxida- 
tion products. In their optical properties, 
these crusts are similar to the stable 
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FIGURE 1. Zonation of smaltite-chloanthite, as FIGURE 3. Beaded structure of individual 


} revealed by treatment with concentrated smaltite-chloanthite areas, as revealed 
ammonia, current 4V, 30 sec. in its zonal replacement by supergene 
minerals. 


q Black, upper part - calcite. Polished sec- 
tion without analyser; 54x. Polished section without analyser, 130X. 


=- 


/FIGURE 2. Smaltite-chloanthite zonation as a 

* result of partial oxidation of the specimen 
: Ana FIGURE 4. Resid i 

| Light color - remaining zones of smaltite- Satie a usb Bene SHRUCey re uo 

beh pees 4 8% f m ite-chloanthite, preserved in 

‘chloanthite; gray - mixture of various supergene a strongly oxidized specime 

jminerals. Natural size. P ay 


Black - the sooty supergene material; 
gray - calcite. Polished section without 


| interior zones (Fig. 5). analyser; 77X. 


| A study of the zonation as revealed by 

| the treatment of polished sections, and of 

_ the partially oxidized specimens, shows that 
- the treatment and oxidation resistant zones 
| of smaltite-chloanthite are characterized by 


a higher reflecting capacity and greater 
relief, also greater hardness as compared 
with the easily oxidized and decomposed 
zones. These properties of the individual 


22 


IZVESTIYA AKAD. 


FIGURE 5. 


Unoxidized arsenide fringe about a 
zonally oxidized smaltite-chloanthite grain. 


Gray - secondary minerals. Polished sec- 


tion, without analyser; 54X. 


zones, as well as the results of contact im- 
pressions, and of a previous study of the 
nature of smaltite-chloanthite (10, 11, 13, 15), 
made it possible to assume that its cobalt 
component is the most stable one. 


In order to clarify this assumption, a 
number of chemical analyses were carried 
out, on smaltite-chloanthite from one of the 
ore sites. Specimens of different genetic 
development were analyzed, some of them 
partly oxidized. In the latter case, the 
residual unoxidized arsenide was analyzed, 
carefully separated from the other products. 


The specimen was broken up in Abich's 
mortar, then passed through a set of sieves. 
Only that fraction was used which contained 
the minimum amount of extraneous growth in 
the arsenide grains. 


The fraction thus selected underwent triple 
cutting by bromoform. It was then washed 
with ethyl alcohol, dried out, and subjected 
to magnetic separation by a powerful perma- 
nent Sochnev magnet. The nonmagnetic frac- 
tion was processed cold, for 5 to 8 minutes, 
in 6 percent (by weight) HCl, in order to 
dissolve the traces of residual carbonates 
and the oxidation products. The residue was 
washed in distilled water, until its reaction 
to chlorine ion ceased, and dried in a therm- 
ostat at 500C + 20. After drying, smaltite- 
chloanthite was finally picked up under a 
binocular lens, and chemically analyzed. 


The analysis of each specimen was carried 
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out in two installments. Arsenic was deter- 
mined by sodium hypophosphite, with subse- 
quent titration of metallic arsenic with iodine 
solution [3]; sulfur was determined by the 
Allen-Bishof method [7, 8]; the water content, 
by the Penfield method [2]; the other ele- 
ments, from one installment, soluble in 
nitric acid. Then the nitrates were changed 
into chlorides, out of which Sb, As, and Bi 
were precipitated by hydrogen sulfide [1, 8]. 


The iron in filtrate was separated from 
the other elements by precipitation in the 
presence of ‘pyridine [6]. Then it was re- 
precipitated by ammonia [1] and its amount 
determined iodometrically. 

Cobalt and nickel were precipitated out of 
filtrate as sulfides, by hydrogen sulfide in 
the presence of pyridine [6]. The sulfides 
were dissolved in nitric acid, then the ni- 
trates were changed into chlorides. Nickel 
and cobalt were precipitated from an aliquot 
portion of the solution, by sodium anthra- 
nilate [9]. From the other portion of the 
solution, nickel was precipitated by di- 
methylglyoxyme. The cobalt content was 
determined by the difference. The calcium 
determination was done for its oxalate; the 
magnesium - as pyrophosphate [2]. 


The precipitates of sulfides of Sb, Bi,. and 
As were acted upon by ammonia polysulfide. 
Sulfides of As and Sb were precipitated out 
of filtrate, then dissolved, and Sb was sepa- 
rated from As by hydrogen sulfide, in a 
strongly acid medium. The final determina - 
tion of Sb was done by the calorimetric 
pyridine-iodide method [8]. 


The bismuth precipitate residue was dis- 
solved in nitric acid, and the amount of 
bismuth was finally determined calorimetri- 
cally, with thiourea [8]. 


The final result was taken as the average 
of two parallel determinations, provided the 
difference between them did not exceed a 
certain definite value. Otherwise, the analy- 
sis was rerun from new installments. 


In some cases, the total analysis did not 
come sufficiently close to 100 percent. 
Apparently, this was first of all the result 
of the water content in the specimens having 
not been taken into consideration. Moreover, 
small amounts of secondary products may 
have remained in the specimens. 


All of the chemically analyzed specimens 
were also subjected to spectral analysis, 
which did not disclose, in the majority of 


cases, any perceptible amounts of admixtures 
(Table 1). 


The chemical-analysis results (Table 2) 


Table 1 
Results of Spectral Semi-Quantitative Analysis of Smaltite-Chloanthite 
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show above all that the analyzed specimens 
of smaltite-chloanthite differ greatly in their 
elemental content, especially for cobalt and 
nickel, whose amount varied fairly widely. 
Their iron content varied but slightly. 


All specimens are characterized by a 

high (As + S)/Me ratio, which is near 3 for 
most of them. Because of that, all of them 
should be referred to as skutterudite; how- 
ever, the latter is utterly lacking in zonation 
which was very distinct in all of the analyzed 
specimens. Because of this as well as the 
constant and at times fairly high nickel con- 
tent, it was possible to designate all samples 
as smaltite-chloanthite. 


The content of S, Bi, Sb, and other ele- 
ments is negligible in most specimens. Only 
specimen 2025 has a large amount of me- 
chanical admixture of calcite, because it has 
not been previously treated with HCl. 


In Table 2, all specimens are listed in 
the ascending order of cobalt content, from 
top to bottom. A sharp increase in the 
amount of this element is well marked in the 
four lower specimens. It is to be noted that 
these specimens, in contrast with the upper 
ones, are arsenides separated from partially 
oxidized aggregates. Thus, the chemical 
analysis results show that an arsenide, stable 
in oxidation, is characterized by a higher 
cobalt content than that making up the less 
stable zones. 


The same specimens were subjected to 
X-ray study. The results are given in Table 
3 where the specimens are listed in an order 
reverse from that of Table 2. For correla- 
tion, the same table gives the results for 
standard specimens of skutterudite and smal- 
tite, as obtained by Oftedal [12]. 


Table 3 shows that all specimens have 
similar debayegraphs, with the same indices 
of reflection surfaces, and like intensity 
lines. At the same time, all these debaye- 
graphs are similar to the standard. This 
similarity is evidently related to a structural 
similarity between skutterudite and smaltite- 
chloanthite, as pointed out by Oftedal [12] 
and Holmes [10]. However, along with these 
similarities, there are certain differences in 
the debayegraphs of individual specimens, 
especially well expressed in their lattice 
parameters. 


First of all, there is the obvious fact 
that all four arsenides from the partially 
oxidized specimens are marked by the lowest 
lattice parameters as compared with the 
unoxidized arsenides (sp. 3082, 2036, 2025, 
2120, 2138, 2403). In addition the lattice 
parameter for these specimens depends on 
their cobalt content, decreasing with an 
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6. Ostroumov, E.A., 


A. A. GODOVIKOV AND V. A. KUDRYAKOVA 


increase of this element in the mineral. 
Specimen 75, the richest in cobalt, has a 
parameter closest to that of skutterudite. 


Thus, the X-ray data, too, suggest that, 
in the oxidation of smaltite-chloanthite, its 
most stable component turns out to be the 
one rich in cobalt. It is clear, therefore, 
that the stable component of smaltite-chlo- 
anthite, in all its properties, optical, chemi- 
cal, and X-ray, is related to skutterudite. 
Accordingly, in the oxidation of arsenide 
ores that are rich in smaltite-chloanthite, an 
increase in relative content of cobalt in the 
arsenide fraction will take place, because of 
an increase in the relative content of skut- 
terudite in it. 


In conclusion, the authors acknowledge 
their gratitude to E.A. Ostroumov, and 
A.1. Pokrovskaya, a chemist for the IGEM 
Akademiya Nauk U.S.S.R., for their assist- 
ance in the choice of the methods of chemi- 
cal analysis, and its execution; also to 
G.A. Krutova, for her encouragement. 
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NEW DATA ON THE TECTONICS 
OF NORTHERN ERGHENI 


by 


rs Ya. Sh. Shafiro 


In its regional aspect, the structure of 
southeastern European Russia, including the 
Ergheni, was treated in the well-known 
works of A.P. Karpinskiy [2], A.D. Arkhan- 
gel'skiy [1], and N.S. Shatskiy [6]. How- 
ever, the actual data on the geostructure of 
northern Ergheni were very scant because of 
a thick blanket of Quaternary and upper 
Pliocene continental deposits. 


The published works by A.D. Arkhangel'- 
skiy [1] and Ye. V. Milanovskiy [4] point 
out a monoclinal structure in the northern 
part of that area, resulting from its location 
over the southeast limb of the Don-Medvedit- 
sa swell. 


N.S. Shatskiy [6, 7] believes that the 
area includes a projection of the Dnieper - 
Volga downwarp developed in the Caspian 
syneclise, whose flank is determined by the 
Ergheni flexure, extended meridionally. 


The drilling carried out in the ‘thirties in 
the southwestern part of the area, in connec- 
tion with the Greater Donbas problem, estab- 
lished an uplifted zone of Carboniferous: dis- 
turbances, pitching sharply to the northeast 
[5]. 


Most recent data obtained from extensive 
structural drilling and from earlier geophy- 
sical studies, make possible a closer 
approach to the complex structure of the 
area. 

Tectonically, the north Ergheni highlands 
represent a heterogeneous province which in- 
cludes the southern Don-Medveditsa disloca- 
tions, the west flank of the Caspian syne- 
clise, the buried northeastern extension of 
the Donets folding, and its companion Donets- 
foredeep [3]. 


Only two tectonic zones can be identified 
in the present structure of the Mesozoic and 
Tertiary deposits of the area: the south- 
eastern monocline of the Don-Medveditsa 
dislocations, and a transition zone from the 
stable portion of the platform to the Caspian 
syneclise (Fig. 1). The buried extension of 
the Paleozoic folded basement is reflected 
on a structural map drawn on the base of 
the Turonian, but only by a poorly defined 
structural nose, in the Kotel'nikovskiy area, 
with the Donets-foredeep not at all outlined. 
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The first tectonic zone, including the 
western part of the area, is featured by a 
general southeasterly dip of the beds, at 
15-30'. On this monoclinal background, 
structural highs stand out, oriented NW - SE, 
also small downwarps, faults, and brachy- 
anticlinal uplifts trending NE. Among the 
latter are the Gromoslavka, Marinovskiy, 
and Sovetskiy uplifts (see Fig. 1). Most out- 
standing are the highs along a tectonic line 
from Surovikino, southeast to the vicinity of 
the village Gromoslavka. According to elec- 
tric exploration data, this tectonic line coin- 
cides with a large structural high in the 
Paleozoic. In the Gromoslavka area, this 
high is transversally complicated by fractur- 
ing and by a brachyanticlinal uplift of small 
magnitude. The previously located Marinov- 
skiy and Sovetskiy uplifts likewise appear to 
represent transversal complications upon 
structural highs trending southeast. The 
Marinovskiy uplift is normally faulted, in the 
northwest, the throw being about 55 m. 


The Gromoslavka fault system has been 
identified from information from 13 boreholes 
cutting the faults. Underlying the Scythian and 
Neogene Erghenian deposits (N2) these bore- 
holes penetrated the Maykop deposits which 
are as much as 100 m thick, in contact with 
various Paleogene and Upper Cretaceous 
deposits, up to and including the Santonian. 


The contact of the blanket-Maykop deposits 
lies considerably east of the Gromoslavka 
dislocations, approximately along the Stalin- 
grad-Aksay-Kotel'nikovskiy line. Northwest 
of this line, the blanket deposits are removed 
by Pliocene and Quaternary erosion. In the 
area of the Gromoslavka uplift itself, all of 
the Paleogene is gone, and the upper Pliocene 
rests upon eroded Campanian. The Maykop 
and older Paleogene rocks are preserved 
only on the down-throw sides of the faults, 
in narrow bands, but as much as 2 km wide. 


In the borehole sections, a number of 
Paleogene formations are missing, dips from 
30° to 80° are observed on the Maykop and 
Paleogene beds, and numerous slickensides 
are present. For instance, one of the holes 
penetrated, below the Maykop, a Paleogene 
section in fault contact with Albian. The 
fault plane is filled with breccialike sand- 
stone carrying numerous fragments of dark 
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FIGURE 1. Structural map of northern Ergheni. 
a -- Contours of the base of the Turonian; b -- contours on the top of a clay 
interval in the Tsaritsin series; c -- faults; local uplifts: 1 -- Beketovka, 
2 -- Tinguta, 3 -- Sarpa, 4 -- Sadovoye, 5 -- Umantsev, 6 -- Krasnoarmeysk, 7 -- 
Gromoslavka, 8 -- Marinovskiy, 9 -- Sovetskiy. Negative structural features: 10 -- 


Abganerovo depression, 


gray clay, porous siliceous fragments, well- 
rounded pebbles of quartzitic sandstone, and 
large chunks of Carboniferous limestones 
and cherts which are the usual components 
of the Ergheni sands. In another borehole, 
the Maykop is in contact with Campanian, 
and the Santonian with Aptian. The latter is 
in normal contact with the multicolored 
Triassic clays. Thus, this borehole has cut 
two faults. The throw of the lower is 165 m. 
In still another borehole, the Coniacian depos- 
its contact the Albian, and the latter are in 
contact with the Triassic. 


In some holes, about 40 to 50 m of gravel 
sands intercalated with clays are found 
between the Maykop and Upper Cretaceous 
deposits, apparently representing some May- 
kop and Ergheni formations caught in the 
fault zone. : 


SH) 


1] -- Chapurnikov depression. 


The observed breaks are grabenlike, 
representing a system of narrow steps in a 
fault zone. The overall vertical displacement 
observed in the boreholes ranges from 100 
to 300 m. 


These disturbances form an arch convex 
to the northwest and splitting, in its central 
part, into two branches, with the maximum 
throws concentrated in its middle part, and 
the minima toward its ends. Geologic sur- 
vey in the vicinity of the Yeriko-Krepinskiy 
village established step faulting of small 
magnitude in the northeast periphery of this 
dislocation, with two fault planes dipping 
WSW. 


The field data fix the age of the faulting 
as follows: its initiation took place in a pre- 
Ergheni time, and it was terminated toward 
the beginning of the Scythian deposition. The 
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throw of the faults, toward the beginning of 
Ergheni time could not have been less than 
the thickness of the Paleogene rocks pre- 
served on their lower sides. The upper age 
limit is determined by the fact that the Scy- 
thian deposits are not involved in the dislo- 
cations, whereas the Ergheni deposits are 
found to be strongly disturbed. 


The transitional tectonic zone, taking in 
the east part of the area, presents, gen- 
erally speaking, a downwarped province 
characterized by a fullness of its section 
and by a great thickness of Tertiary deposits; 
structurally, it is featured by salt anticlines 
trending SW - NE. 


The west boundary of the area is featured 
by a flexure with southeasterly dips of 3° 
to 3° 30'; locally, dips as much as 30° are 
noted, probably associated with faults. To 
the south, this flexure becomes a monocline. 


The positive structural features of this 
zone are the Tinguta, Beketovka, Sarpa, 
Sadovoye, and Umantsev uplifts (See Fig. 1). 


‘The Tinguta and Beketovka uplifts belong 
to the edge flexure of the transition zone. 
The Sarpa uplift is located west of the Sarpa 
lakes and extends 65 to 70 km over the 
Ergheni water-divide plateau. Its easterly 
dips are 6° to 179, and it is divided by a 
saddle into the South and North Domes. 
These three uplifts are elongated anticlines, 
with gentle limbs and domal terminals where 
the dips vary from 10" to 1° 30', rarely 
attaining 4°. The anticlinal crests are com- 
plicated by local uplifts, with steeper limbs 
(3°-4°) and closures from 70 to 200 m. 


Of somewhat different structures are the 
Sadovoye and Umantsev uplifts, in the south- 
east corner of the area. In their configura- 
tion, they are intermediate between salt 
anticlines and typical salt domes. Their 
trend is also to the northeast, although not 
as well expressed as for the previously 
described uplifts. 


Among the negative structural features of 
the area, the largest are the Abganerovo and 
Chapurnikov depressions. The first is con- 
nected with the edge flexure of the transition 
zone, and separates the zone from the south 
part of the Sarpa anticline. The Chapurnikov 
depression is a latitudinal downwarp, open- 
ing to the east and separates the Tinguta and 
Sarpa uplifts from the Beketovka and Kras- 
noarmeysk uplifts. — 


The Beketovka uplift is cut diagonally by 
a narrow graben, whose northwest wall is 
formed by the Andreyevskoye fault, first 
identified by E.V. Milanovskiy [4]. The 
presence of this fault is confirmed by a well, 
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drilled south of Beketovka. In this well, 
located on the down-throw side, dips as much 
as 20° were observed, with the thickness of 
the Quaternary and upper Pliocene deposits 
more than 130 m, although not exceeding 

20 m on the high side. The throw is about 
80 m. Near Beketovka, where the Paleogene 
outcrops mark the greatest uplift along the 
axis of the Beketovka uplift, the latter is cut 
by the previously identified Otradnenskiy 
fault. 


Faults of upper Paleocene and Quaternary 
age, with throws of about 40 m, have been 
identified on the northeasterly plunge of the 
Tinguta uplift. 


A correlation of drilling and electric data 
suggests that the Sarpa and Tinguta uplifts 
are connected in some way with the highs of 
the electric-log marker -- ‘Paleozoic sur- 
face." The electric data, although not fully 
reliable, probably because of rapid changes 
in the geoelectric section of the transition 
zone, still give an approximation of the 
depths of the rocks underlying the multi- 
colored Permian-Triassic interval. These 
data suggest a lack of salt domes in the 
crests of the Sarpa and Tinguta uplifts. For 
instance, absolute elevations for an electric 
marker bed along the axis of the Sarpinka 
anticline, vary comparatively little: from 
minus 1550 m to minus 1800 m. In this 
respect, these uplifts differ substantially 
from the Krasnoarmeysk dome where a salt 
dome pierces the entire multicolored section, 
whereas in the Sarpa anticline the section 
thickness ranges from 800 to 1200 m. 


A correlation of the structure of the area 
with the gravity data suggests that the fringe 
of the transitional tectonic zone is repre- 
sented by a belt of easterly decrease of the 
gravity anomaly -- a gravity step. The 
latter is split locally into two isoanomaly 
branches, with gravity minima and maxima 
between them. The west branch of the grav- 
ity step is generally correlative with the 
edge flexure of the transition zone, whereas 
the east branch is superimposed upon the 
west limb of the Sarpa anticline (Fig. 2). 
The Tinguta and Beketovka uplifts are cor- 
relative with the gravity minima lying in 
the middle of the gravity step. 


The crest sector of the Sarpa anticline 
is marked by a minimum gravity zone, with 
a local minimum in the area of Plodovitoye, 
its east limb is superimposed upon a belt 
of local gravity maxima, west of the Sarpa 
lakes. A vast gravity minimum corresponds 
to the Sadovoye and Umantsev uplifts, with 
the former's east limb superimposed upon 
a local maxima belt which hems its minimum 
in the east. 
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FIGURE 2. 


Tinguta uplift 


Sarpa uplift 


Correlation of drilling and gravity data. 


A -- Relief on top of Tsaritsin clays; B -- gravimetric profile; C -- 


qualitative geologic interpretation of gravity data. 


These local gravity minima are consider - 
ably displaced toward the domal terminals 
of the uplifts. For instance, the Plodovitoye 
minimum takes in the saddle separating the 
North and South Domes of the Sarpa anti- 
cline, whereas the Tinguta minimum is 
_ shifted toward the south domal terminal of 
_ that uplift. 


_ All these data show that, within the transi- 
_ tional tectonic zone, the structural features 
do not fully coincide with the positive or neg- 
ative gravity anomalies, but are superim- 

_ posed on either. In their turn, such char- 
acteristic anomalies, as a gravity step, 
local minimum or maximum, are commonly 
induced by various anomaly-making factors 
and do not reflect any specific structural 
features, such as a fault scarp, uplift or 
depression. For instance, the west part 

of the gravity step reflects an eastward 

block plunge of the Paleozoic rocks, whereas 
its east part corresponds to the west limb 

of a salt anticline. 


On this subject, Yu. A. Kosygin (1951) 
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Crosses indicate salt. 


states that there is no complete coincidence 
between local gravity minima and salt 
domes, along the west boundary of the salt 
dome province. As an example, he cites the 
Krasnoarmeysk uplift which is considerably 
shifted toward a gravity maximum. The rea- 
son for such a phenomenon is sought by Yu. 
A. Kosygin in the fact that the halogenic 
Permian deposits along the west edge of the 
salt dome province have been replaced by 
thick sulfate rocks. However, the Krasnoar- 
meysk and other uplifts, where the Permian 
sulfates are either lacking or else are very 
thin, show the fallacy of a purely lithological 
explanation of this phenomenon. 


A correlation of drilling and gravity data 
throughout the transition zone area (see 
Fig. 2) reveals that a plunge of the limb of 
an uplift is accompanied by a gravity in- 
crease only up to a certain extent. The oppo- 
site is true at distances over the east limbs, 
sufficiently large from the crests: a greater 
plunge is reflected in a gravity decrease. 


The observed distribution of the gravity 
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field may be explained by the well-known 
hypothesis of the formation of piercement 
domes, according to which the original un- 
evenness of the salt surface, as determined 
by tectonic factors, results in salt flow due 
to differential pressure, from the surrounding 
downwarps and toward the crests of the up- 
lifts. This results in salt accumulation in 
the crests of the tectonic uplifts, and its 
wedging out in the limbs. It may be supposed 
that the gravity anomalies’ distribution 
throughout the transitional zone is a resul- 
tant of two main factors: salt piercement and 
the tectonics of the subsalt rocks. In the 
crestal parts of the uplifts, salt piercement 
is the paramount anomaly-making factor, 
which explains their coincidence with the 
gravity minima. Over the limbs of the up- 
lifts, on the other hand, where the thickness 
of the hydrochemical sediments is small, a 
change in the gravity field is determined, 
generally speaking, by the depth of the 
heavy Paleozoic rocks; therefore, a plunge 
of the beds here is reflected in a gravity 
decrease. Such relationships have not been 
established for the west limbs of the uplifts. 
Evidently, this is explained by the fact that 
the west limbs of subsalt structures are 
flatter and of smaller amplitude, than the 
east limbs. The effect of the second factor 
determines the considerable shift of gravity 
anomalies in the direction of the domal 
terminals of the uplifts. 


Thus, it may be concluded that the pierce- 
ment domes of the transition zone are sub- 
ordinate to the subsalt tectonic uplifts. 


On the basis of our observations, the 
main stages in the development of the area 
are as follows. At the end of the Paleozoic, 
the southwest part of northern Ergheni was 
affected by folding and orogeny, which termi- 
nated the geosynclinal stage of the Greater 
Donbas development. The rise of the ridge 
was accompanied by the formation of a fore- 
deep. 


During the Triassic and Permian, the 
region northeast of the rising ridge was sub- 
siding, as indicated by the great thickness of 
its multicolored deposits. Over the northeast 
limb of the downwarp, the Permian-Triassic 
thicknesses range from 100 to 400 m, along 
the east Tsimlyanskiy reservoir shore; 450 
to 650 m in the Gromoslavka area; and 800 
to 1200 m west of the Sarpa lakes. This 
limb supported highs trending NW - SE, 
which is confirmed by the thickness distri- 
bution in the multicolored section. 


Toward the close of the Early Triassic, 
the area was affected by uplift and became 
Subject to denudation. Jurassic deposits are 
lacking over the area; however some 200 m 
of Middle Jurassic deposits in the Krasnoar- 
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meysk locality suggest that the Jurassic sedi- 
ments were eroded as a result of a terminal 
Jurassic uplift, as occurred over the Donets 

foredeep, farther west [3]. 


The data on the Cretaceous development 
of the area are more complete. Beginning 
with the Aptian, the area underwent intensive 
subsidence, although the sedimentation pro- 
cess was frequently interrupted. The Creta- 
ceous transgressions, proceeding southwest - 
ward, embraced ever larger terrains. Toward 
the Turanian-Coniacian time, some dry land 
apparently persisted in the area of the sub- 
merged ridge. In the Santonian, the entire 
region was submerged, and the sea persisted 
till the close of the Cretaceous. 

The isopachous maps for various stages 
of the Cretaceous (one of them is shown on 
Fig. 3) show the minimum thickness belts 
trending NW - SW, more or less following 
the present high structural trends. The Paleo- 
zoic basement high in the Kotel'nikovo area, 
is marked by zero and small thicknesses. 


The thickness distribution for Cretaceous 
deposits shows that the principal structural 
elements of that period were gentle highs of 
small magnitude, trending NW - SE, and 
gradually plunging in the same direction. 


Beginning with the Santonian, these prin- 
cipal structural features were complicated 
by small downwarps and highs, trending 
northeast. In Maestrichtian time, the struc- 
ture was radically changed, to outline nearly 
all of the elements of the Cenozoic struc- 
tural plan, now characterized by a north- 
easterly trend. Simultaneously, the edge 
flexure of the transitional tectonic zone was 
clearly defined by a sharp easterly increase 
in the deposit thickness. 


At the end of the Cretaceous, the entire 
area of northern Ergheni was uplifted. The 
process was especially intensive in the north- 
west part of the area, where all of the 
Maestrichtian and locally the Campanian 
deposits were eroded away. The continental 
interval of sedimentation comprises the close 
of the Maestrichtian and the Danian, as sug- 
gested by the absence of the Belemnitella 
american zone and of Danian rocks. __ 


In the Paleogene, the north Ergheni area 
underwent subsidence. The strongest subsi- 
dence took place in its eastern part, also in 
the area of the buried ridge. It was during 
the Paleogene that the southerly monoclinal 
dip toward the buried ridge, was initiated, 
together with the outline of the southern 
“terminal" of the Don-Medveditsa disloca- 
tions. 


The Paleogene and Eocene witnessed the 
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FIGURE 3. Isopachous map for the Turonian-Coniacian deposits. 


] -- boreholes; 2 -- isopach 


emergence of all the details of the modern 
_ structural plan for the transitional tectonic 

zone (see Fig. 4). In upper Eocene time, 

the northwestern part of the area was up- 
lifted, as indicated by a northwesterly 
wedging out of the Kiev deposits. Prior to 
the deposition of the Marginulina behmi zone 
of the Kiev series, the uplifts took place in 
the area of the Tinguta, Beketovka, and the 
northern part of the Sarpa anticlines. The 
latter is confirmed by the marls of this 
zone, transgressively overlying various beds 
of the Kiev and Mechetkin series. 
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Toward the close of the Eocene, the north- 
ern Ergheni area underwent another uplift, 

' an especially strong one in the crestal parts 
of the transition zone, where the Kiev and, 
partially, the Mechetkin deposits were eroded, 
with nearly all of the Eocene gone, at the 
northern crest of the Sarpa anticline. 
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The onset of the Oligocene was marked 
by a subsidence of the entire area, and by 
a widespread Maykop transgression. In the 

Miocene, the northern Ergheni were caught 
in an uplift, with the sea receding eastward; 
after the Oncophora beds deposition, the 
area stood high. In the beginning of the Con- 
cha time, the easternmost part of the area 


HDI 


again subsided. Marine deposits of that age FIGURE 4, Isopachous map for the 
Tsaritsin and Mechetkin series. 
are preserved over the eastern flexure of 1 A eaves a xe 
ee flanks of the -- Areas 0 aykop deposits over 
the Sarpa anticline and on the : the eroded Mechetkin surface; 2 -- areas 
Sadovoye dome. By the end of the Miocene, 


of Maykop deposits over the Proley de- 


a continental regime prevailed over the posits; 3 -- isopachs; 4 -- boreholes. 
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entire area. 


Marked subsidences took place in the 
Caspian syneclise, during the Pleistocene 
[8]. These subsidences have left their traces 
in the subject area, as well. Thus, upper 
Pliocene continental deposits over the east 
slope of the Ergheni uplift are disturbed and 
show a well-defined dip toward the Caspian 
depression. The main results of the late 
Neogene tectonic movements were faults. 
Here belong the formation of the Gromoslavka 
faults, also the normal faults of the transi- 
tional tectonic zone. 


SUMMARY 


The Paleozoic stage of the northern 
Ergheni development terminated with a folded 
structure and a foredeep formed in the south- 
west part, embracing most of the area. The 
foredeep kept developing during the Permian- 
Triassic time, so that toward the end of the 
Early Triassic it was filled by thick multi- 
colored beds. The northeast limb of the fore- 
deep was complicated by southeast trending 
high, as early as the Permian-Triassic. 


During the Mesozoic era, the main ele- 
ments of the structural development were 
gentle uplifts whose trend was subordinated 
to a southeasterly extension of the Donets 
folding. To the northwest, these uplifts are 
connected with the structural steps ‘of the 
Don-Medveditsa dislocations; therefore, they 
may be regarded as a southeasterly exten- 
sion of the latter. This is a confirmation of 
the ideas previously voiced by A.G. Brazhni- 
kov (1950) that the Don-Medveditsa disloca- 
tions do not die out in the interriver area 
of the Chir and Don, but rather veer to the 
southeast into the Caspian syneclise. 


At the close of the Upper Cretaceous, and 
during the Paleogene, the structural develop- 
ment of the area was influenced chiefly by 
the marked downwarpings along the west 
flank of the Caspian depression. They deter- 
mined a radical reconstruction of the Meso- 
zoic build-up, orienting it along a north- 
easterly trend. The changes were especially 
great in the southeastern, and more mobile, 
part of the area where the reconstruction 
was accompanied by salt piercing the crests 
of the uplifts. In the northwestern, and more 
stable, part of the area, the Mesozoic struc- 
tural highs preserved their basic structural 
features. They were complicated only by 
northeast trending, small downwarps and 
local uplifts. These include the Gromoslavka, 
Sovetskiy, and Marinovskiy uplifts (see Fig. 
II). 


All of the above makes it possible to 
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regard the positive structural features of the 
transitional tectonic zone as the remains of 
a Mesozoic structural system whose base is 
the Paleozoic highs connected with the Don- 
Medveditsa dislocation system. Therein lies 
the essential difference between the pierce- 
ment uplifts of the subject area and the 
similar structures farther north along the 
west flank of the Caspian depression. 
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PALEOZOIC OF THE REGION WEST | 
OF LAKE BALKHASH NEAR THE VILLAGE OF MYNARAL 


by 


. 


B.M. Keller, I.N. Krylov, and Ye. V. Negrey 


The desert east of Bet-Pak-Dala areas and 
the shores of Lake Balkhash in the vicinity 
of the village of Mynaral and the Karakamys 
granite massif, are of particular geologic 
interest. Here lies a thick and diversified 
Paleozoic section, well defined paleontologi- 
cally. Its study provides the most reliable 
basis for the determination of the sequence 
and age of deposits widely developed through- 
out the area just west of Lake Balkhash. Of 
great interest are the Paleozoic intrusives 
which predetermined the distribution of var- 
ious useful minerals, such as wolframite 
and molybdenite. Outlines of the geologic 
structure of the Mynaral area are given by 
D.1. Yakovlev [6], A.M. Belyayev, and 
A. Ye. Repkina. Especial attention was 
given by these investigators to Silurian 
deposits, represented in the vicinity of Ak- 
Kerme Bay by massive reef limestones. 


Paleontologic collections from these lime- 
stones, as accumulated through the years, 
were studied by V.N. Veber [2] and O.I. 
Nikiforova [6] who described the trilobites 
and brachiopods. A brief description of 
individual fossil groups is found in papers 
by P.I. Stepanov [8], L.B. Rukhin [7], and 
A. Ye Repkina. However, despite these 
works, the Silurian stratigraphy of Mynaral 
remains unclear because of a complex rela- 
tionship between the volcanic and reef facies, 
in places difficult to unravel, because the 
entire section is linearly folded and faulted. 
In the geologic mapping, it is not clear 
whether the disappearance of some extru- 
Sives is the result of facies change or fault- 
ing. 


Furthermore, the age of the so-called 

“interreef facies" of volcanic and terrigenous 
rocks has been obscure, up to recently. 
Only a large number of graptolites found in 
these deposits in recent years have provided 
a firm paleontologic basis to Silurian strati- 
graphy. 


The field work in the Mynaral area was 
carried out in 1952-1955, by two collabora- 
ting groups from the Institute of Geologic 
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Sciences., Academy of Science, U.S.S.R. 
One group, under the direction of V.S. 
Koptev-Dvornikov, studied the Karakamys and 
Dzhalgyz granite massifs as well as other 
intrusives and extrusives of the area. In 
each of these years, L.V. Dmitriyev, A.V. 
Kozlov, E.V. Negrey, and V.A. Pavlov 
took part in this work; now they are prepar- 
ing a monograph on the geology and petrog- 
raphy of the early Hercynian massifs of 
Bet-Pak-Dala, with V.S. Koptev-Dvornikov 
as editor. The data of this monograph are 
used by E.V. Negrey, in this paper, for the 
description of the intrusives of the area. 


The second party, under B.M. Keller, 
studied the stratigraphy. This group included 
stratigrapher-paleontologists O.P. Kovalevskiy, | 
(1954), V.A. Sytova (1953), M.N. Chugeyva, 
who subsequently studied the tabulata, tetra- 
corals, and trilobites. A detailed geologic 
survey was made.to clarify the structure of 
the area. In 1954, B.M. Keller and I.N. 
Krylov studied the area near Lake Balkhash. 
In 1955, Keller carried his studies as far | 
as the Karakamys granite massif, to the | 
west, including its northern fringe. This 
paper deals with the area of the map (Fig. 2) 
excluding the Ak-Kerme Peninsula. This pen-- 
insula, characterized by peculiar Ordovician 
and Silurian facies, (Llandoverian reef lime- 
stones, Lower Wenlock graptolite slates) is 
considered elsewhere [3]. 


Among the undergraduates active in the 
Silurian study of Mynaral and in fossil col- 
lecting, were O.B. Bondarenko, N.B. Keller, 
I.N. Mel'nikova, A.I. Polozhukhina, S.B. 
Prokopenko, V.P. Tkachev, and G.P. Shish- | 
kina. 


STRATIGRAPHY 


Precambrian 


The Archean of the Mynaral area is taken | 
to include the gneisses and mica schists 


| outcropping along the northeast fringe of the 
: Karakamys granite massif and in the horst 

| Of the northeast limb of the Mynaral anti- 
‘Cline. The younger Precambrian formations, 
)probably Proterozoic, are represented by 
}greenish schistose amphibolites and light 
metamorphic limestones, in small outcrops 
ene the northeast limb of the Mynaral anti- 
1° ine 


| Well developed in the south part of the 
}area are thick, strongly metamorphosed 
schists and sandstones with subordinate beds 
jand lenses of siliceous rocks. Apparently, 
Such deposits are common to the upper Pro- 
(terozoic (Reefian) and lower Paleozoic of 
fKazakhstan. In the Chu-Iliy Mountains, 
ithey include lenses of pink limestones, they 
“were usually regarded as Reefian. Similar 
(rocks of the Kandykta ridge include lenses of 
idark, almost black limestones with Middle 
'Cambrian trilobites. No such carbonate rocks 
have been found in the subject area; there- 
fore a more precise dating of the green 
‘schists is still pending. It is clear, however, 
pthat they are older than Ordovician. 


where 


Similar rocks were found in the north 

| fringe of the Karakamys granite massif, 
along the right bank of the Sary-Bulak River. 
Basic extrusives are present here, alongside 
| the schists. 


Ordovician System 


| The ordovician is represented in the sub- 
) ject area by two types of rocks. In the 
|south, there lies a belt of thick terrigenous 
‘deposits; to the north, along the south shore 
‘of the Ak-Kerme Bay, a quite different type 
of rock crops out in the middle of the 
Ortansk anticline. Each of the Ordovician 


'sections is treated separately. 


_ Southern type section. Here the Ordovi- 
cian is represented by thick metamorphosed 
‘argillites and siltstones, locally reminiscent 
of the upper Proterozoic, schists. Their 
“essential distinction is their darker color 
and a lack of siliceous beds and inter- 
calations. The rocks may be either thick or 
‘thinbedded, locally schistose because of which 
‘graptolites and other organic remains are 
extremely rare. Nevertheless, a fairly well 
‘preserved graptolite of the family Diplograp- 
tidae, apparently belonging to genus Ortho- 
graptus,. was found in the middle Kuyanda- 
Uzek River valley. This finding confirms the 
Middle or Upper Ordovician age for the 
enclosing rocks. Their general character 
suggests their correlation with the Dulan- 
karin bed of the Chu-Iliy Mountains. The 
Ordovician lies in sharp erosional and angu- 
lar contact, upon the upper Proterozoic 
which is clear from a disappearance of the 
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siliceous Proterozoic folds underneath the 
transgressive dark Ordovician schists. The 
total thickness of the metasiltstone series 
in the southern section is more than sev- 
eral hundred meters. 


North type section. The Ordovician rocks 
of this type crop out southwest from the Ak- 
Kerme Bay where they constitute the crest of 
a large anticlinal structure, here called the 
Ortansk anticline (Fig. 1). 


Llanvirn. Light-gray and greenish-gray 
slaty sandstones and siliceous slates crop 
out in the middle of the anticline, carrying 
Didimograptus ex gr. pacificus Twenhofel, 
Cardiograptus anna (Hall), Pterograptus sp., 
Climacograptus sp. and other graptolites 
(identified by B.M. Keller). Overall thickness, 
250 m. 


Llandeilo and Caradocian. In the north limb 
of the Ortansk anticline, there are conform- 
ably on the Llanvirn: 


1) dark-gray conglomerates and tuffaceous 
sandstones with rounded pebbles of granite, | 
granodiorite, and sandstones; they form a 
well-defined scarp; thickness, 190 m; 


2) pink and light-gray thin siliceous slates 
with graptolites: Dicellograptus sp., Pseudo- 


climacograptus scharenbergi Dapworth (ident. 
by B.M. Keller); thickness 320 m; 

3) sandstones and metasiltstones, alter- 
nating in layers 0.2-1.0 m thick; sandstones 


dark gray, tough, thin; overall thickness 
110-225 m. 


A correlation of the south and the north 
section is difficult. The dark argillites of 
the southern section, with Orthograptus, 
are definitely younger than bed 2, and are 
possibly correlative with 3; however, a lack 
of organic remains in it makes this corre- 
lation uncertain. 


Silurian System 
Silurian deposits are widespread in the 


Mynaral area, where they form three NW- 
trending belts. Generally they outcrop in 


the crest parts of the anticlinal uplifts, 


and are separated by Devonian outcrops. 


Llandovery stage. Paleontologically deter - 
mined Llandoverian deposits occur on the 
north limb of the Ortansk anticline, along the 
southwestern shore of Ak-Kerme Bay. Here 
they begin with conglomerates of pebbles, 
fractions of a centimeter in diameter, to 
blocks of several meters. The pebble mate- 
rial consists of gray odlitic and breccialike 
limestones, metamorphosed acid extrusives; 
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FIGURE 1. Geologic map of the Ortansk anticline (south shore of Ak-Kerme Bay) 

Lower Devonian: 1 -- shales and sandstones; 2 -- conglomerates. Silurian: 3 -- 
Ludlow (7?) red shales; 4 -- Lower Ludlow-Wenlock, Akkan limestone; 5 -- Wenlock-Tarannon, 
shales, sandstones, conglomerate lenses; 6 -- Llandovery, siliceous shales; 7 -- Llandovery, 
acid extrusives; 8 -- Llandovery, conglomerates. Ordovician: 9 -- Caradocian-Ashgillian(?), 
sandstones; 10 -- Caradocian, siliceous shales; 1] -- Caradocian, tuff-conglomerates; 12 -- 
Llandeilo, sandstones and shales; 13 -- Llandeilo, sandstones and shales; 14 -- diabases and 


other vein rocks; 15 -- faults. 


pink, tightly cemented quartz sandstones, 
tuffaceous sandstones, granites, spotted 
siliceous rocks, and quartzites. The con- 
glomerates carry large lenses of gray lime- 
stones. Above are fairly diversified volcanic- 
sedimentary rocks, with tuff and siliceous 
shales predominating and carrying lenses of 
acid extrusives, sandstones, tuffaceous sand- 
stones, and fine-pebble conglomerates. This 
series terminates with pink, light gray and 
yellowish gray thin cherty slated with 
Demirastrites aff. decipiens Tornquist (ident. 
by A.M. Obut), suggesting a Llandoverian 
age. The total thickness of the Llandoverian 
stage, in this section, is 225 m. 


In addition to these formations, whose 
Llandoverian age is undoubted, here may 
belong the so-called Mynaral conglomerates 
which overlie a vast area west of Mynaral. 
These conglomerates are very poorly 
cemented, and contain pebbles and boulders 
of gneisses, mica schists, sandstones, and 
quartzites. They form a gentle anticlinal 
structure on whose north wing they are over- 
lain by light-colored sandstones and meta- 
siltstones, barren of organic remains; on 
its south wing they are covered by the Wen- 
lock and lower Ludlow limestones of the 
Akkan series. If the contact between the 
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Akkan limestones and Mynaral conglomerates 
is stratigraphic and not an overthrust, these 
conglomerates are best correlated with those 
of the basal Llandovery stage, as in the 
Ak-Kerme Bay section. 


Tarannon beds (Llandovery-Wenlock). 
Beginning with the Taranonnian age, the 
Mynaral area witnessed a complex of facies, 
rapidly changing over short distances. Three 
types of deposits are recognized: 


1. Limy-marl type of the Ak-Kerme Pen- 
insula, as described by B.M. Keller. 


2. Silicified slaty argillites and metasilt- 


stones with subordinate tuffaceous sandstones .- 


and conglomerates. They are peculiar to 
the southeast terminal of the Ortansk anti- 


cline and to the Karaagach anticline, farther 
to the south. 


3. Volcanic Tarannonian rocks, wide- 
spread over the monoclinal block of the south 
wing of the Karakamys syncline. 


Several sections well illustrate the proper- 
ties of the Silurian volcanics. One of them 
is located on the road from Mynaral to the 
Mayzharylgan Mountains, to the southeast. 
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Here, a belt of Silurian extrusives is the 
widest at the north flank of a vast depres- 


# sion. The section is as follows: 


1. Extrusives: liparitic porphyries, light- 


| yellow and greenish-yellow albitophyres; to 


a smaller extent, lenses of gray-green and 


( purple andesite porphyries. Thin layers of 


tuffs and tuffaceous sandstones. Some 50 to 
150 m away along the strike, the volcanic 


) rocks change to argillites and metasiltstones, 
f slaty, light gray and yellowish gray, with 
| tuff intercalations. The argillites and silt- 


stones carry graptolites: Retiolites geinit- 
zianus Barr., Monograptus marri Perner, 
Spirograptus spiralis Geinitz, Spirograptus 
Ssp., Sp. ex gr. exiquus Nicholson. The 


' Overall thickness, 880 m. 


2, Porphyrites and liparitic porphyries, 


dark gray, purple, and red. Some conglom- 


erate lenses with pebbles of red quartz por- 
phyries. Thickness, 335 m. 


3. A complex extrusive-sedimentary aggre- 


} gate, consisting of liparitic porphyries, albi- 
) tophyres with lenses and intercalations of 


tuffs, tuffogenous sandstones, conglomerates, 


| argillites, and metasiltstones. Poorly pre- 


served remains of brachiopods and trilobites 


' were found in the tuffaceous sandstones. 
Thickness, 


1480 m. 


4. Porphyrites and their tuffs, dark gray, 
greenish-gray, purple. Thickness, 1150 m. 


Dj 5. Tuffs, tuffaceous sandstones, slaty, 
brown-red and light brown, with lenses of 
porphyrites and intercalations and lenses of 
gray cherty rock and fine-pebble conglom- 
erates with pebbles of red liparitic porphy- 
ries. Thickness, from 375 to 750 m. 


Dz 6. Upper Devonian red quartz albi- 
tophyres, resting unconformably. 


Going southeast, the character of the 
volcanic series remains the same, but its 
thickness sharply decreases. South of Myna- 
ral, and east of the railroad, the following 
section is observed: 


1. Extrusives: light gray and green lipa- 
ritic porphyries, with lenses and intercala- 


tions of tuffs, and rare lenses of purple 
_ porphyries. Lying in the lower part of the 


stratum, there are lenses of light-colored 
sandy limestones, very poor in fauna. 
Thickness, 460 m. 


2. Fine-pebble conglomerates, with peb- 
bles of gray and green acid extrusives. 
Thickness, 80 to 260 m. 


3. Tuffs and tuffaceous sandstones, gray 
to red-purple, thin bedded, with some por- 
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phyrites. Going upward, they change gradu- 
ally to a complex agglomeration of porphy- 
rites, tuffs, and red quartz porphyries. 
Thickness, 790 to 970 m. 


4. Devonian red quartz albitophyres. 


In both sections, the volcanic-sedimentary 
accumulations are a discrete complex, with- 
out any traces of breaks or unconformities. 
The lower part of this complex undoubtedly 
is Tarannonian; its upper age limit is not 
clear. 


Wenlock-Ludow. Akkan limestone. A thick- 
ness of Wenlock and lower Ludlow lime- 
stones, here called the Akkan limestones, is 
traced for some 30 km from the south shore 
of Ak-Kerme Bay to the Karakamys massif. 
They are also present on the Ak-Kerme 
Peninsula. 


In a locality on the south shore of Ak- 
Kerme Bay, where the railroad approaches 
the bay from the south, brachiopods were 
found in poorly stratified limestones, iden- 
tified by T.B. Rukavishnikova as Camaro- 
toechia sp., Spirifer (Eospirifer) balcha- 
schensis Nikif., Leptaena ex gr. rhomboi - 
dalis Wilk, Atrypa ex gr. reticularis L., 
Rhynchotreta cuneata Dalm., Anastrophia 
aff. internescens Hall. According to T.B. 
Rubavishnikova, this assemblage belongs to 
the Wenlock stage. 


At the base of the same ridge, and im- 
mediately west of the railroad (outcrop 329) 
a sequence is exposed, of interbedded granu- 
lar limestones and yellow marls, 15 to 20 
cm thick. They carry Pentamerus cf. oblong- 
iformis Sow., Lissatrypa kasachstanica 
Boris., Atrypa sp., A. reticularis var. 
dzewinogradesis Kozl., Plectatrypa ex gr. 
marginalis Dalm., Conchidium sp. Also col- 
lected were such tabulates as Halysites opi- 
mus Koy., Heliolites bohemicus Wentzel, 
H. lindstromi Koy. (ident. by O.P. Kovalev- 
skiy). This assemblage, occurring as it does 
above the slates with Tarannonian graptolites, 
should be taken as Wenlock, by its brachio- 
pod content; this despite O.P. Kovalevskiy's 
statement that a similar assemblage of tabu- 
lata occurs in the Ludlow deposits, in the 
vicinity of Ak-Kerme Bay. To the northwest, 
on the north wing of the Ortansk anticline 
and farther on, as far as the Akkan Moun- 
tain, as well as on the Karaagach Peninsula, 
the Akkan limestones carry a Ludlow assem- 
blage of brachipods and tabulata. Thus, on 
the north shore of the Karaagach Peninsula 
(outcrop 701), T.B. Rukavishnikova recog- 
nized: Conchidium cf. knighti Sow., C. cf. 
vogulicum Vern., C. aff. tenuicosta Hall 
et Wh., Dolerorthis rustica (Sow.), Penta- 
merus sp. Numerous Heliolites tromi Kov. 
and H. bellus Kov. were found along the 
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strike of the brachiopod limestones, in the 
same ridge. Nearer to Lake Balkhash,. red- 
dish metasiltstones stretch in a band among 
the limestones; they carry graptolites, un- 
fortunately too poorly preserved for more 
than generic identification (Monograptus sp. , 
Pristiograptus sp.). The relationship between 
this finding and the assemblages of brachio- 
pods and Tabulata remains obscure. 


The Ludlow assemblage of genera is pres- 
ent in the Akkan limestones, on the north 
wing and on the northeast plunge of the Or- 
tansk anticline. Here were found (outcrop 
558) Conchidium cf tenuicosta H. et W., C. 
cf. knighti Sow., C. cf vogulicum Vern. , 
Atrypa sp. and other genera (identified by 
T.B. Rukavishnikova). Alongside them were 
found Tabulata Favosites bisingeri M.E.H., 
Halysites opimus Kov., Heliolites interstinc- 
tus L.,. H. bellus Kov. 


Finally, some 5 km northwest of Ak- 
Kerme Bay, and along the strike of the Akkan 
limestones, O.P. Kovalevskiy collected: Fav- 
Osites forbesi M.E.H. var. similis Sok. , 

F, pseudoforbesi Sok. var. reflexibilis Kov., 
F. stepanovi Kov., F. sinnosus Kov., Para- 
Striatopora mutabilis Tschern. var. balk- 
haschica Kov., Heliolites interstinctus var. 
sparsa Kov. Hefioplasmolites nalivkini nalivkini 
Chekhovich. 


These lists of genera prove the Wenlock 
and Ludlow age of the Akkan limestones. 
Their detailed stratigraphic differentiation is 
a task for the future. 


On the southwestern shore of Ak-Kerme 
Bay, the Akkan limestones are overlain by 
multicolored argillites and metasiltstones, 
as much as 120 to 150 m thick. They are 
barren of organic remains. Apparently, they 
terminate the Silurian of the Ak-Kerme Bay 
area. 


Devonian System 


Lower Devonian. The Devonian opens with 
conglomerates of sand-cemented pebbles of 
variegated rocks, including the Akkan lime- 
stones. These conglomerates are best ex- 
posed on the plunge of the Ortan anticline, 
where they form a large field. To the west, 
in the Bzauel'da River valley, they change 
their character; here the pebbles are chiefly 
of Silurian metasiltstones and sandstones, 
with the limestone fragments lacking. Along 
their strike, the conglomerates are replaced 
by andesine-labradorite porphyries, inter- 
bedded with amygdaloid lavas as well as 
lenses and beds of tuffs and tuffaceous sand- 
stones. In their general aspect and petro- 
graphic composition, they are very similar 
to the Silurian volcanics; an essential dif- 
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ference is the presence here of individual 
lenses of red-brown porphyries, attaining 

300 m in length and 50 m in thickness. 

These liparitic porphyrites commonly con- 
tain pebbles of the conglomerates which form 
lentils and beds in the upper part of this vol- 
canic-conglomeratic section. 


This formation was found barren of organ- 
ic remains. 
agach, west of the railroad curve, plant 
remains were found whose state of preserva- 
tion precluded specific identification. 


The Lower Devonian thickness varies 
from a few hundreds to 1,000 m. 


Middle Devonian. Strongly nonconformable 
with rocks of various age. Thick liparitic 
porphyries and albitophyres, with a bed of 
tuffaceous sandstones and metasiltstones is 
present in the upper part. An imprint of 
Gilboaphyton goldringiae Arnold, character- 
istic of the upper Middle Devonian, was 
found in this bed by M.S. Bykova. The over- 
all thickness of this upper Middle Devonian 
series reaches 1,000 m. 


The following series is made of red argil- 
lites, metasiltstones, and conglomerates with 
lentils and horizons of variegated tuffs, in 
places light colored, banded; in others, 
dark, almost black. There are isolated len- 
tils of light-colored limestones, as much as 
3 m thick, barren of organic remains. The 


thickness of the series is no less than 700 m. 


Finally, the youngest deposits, possibly 
Middle or Upper Devonian, make up a pecu- 
liar volcanic series consisting of intricately 
interrelated red liparitic porphyries and 
their tuffs, with lenses of dark augite por- 
phyrites in acid extrusives. The thickness of 
this series is 300 to 400 m. 


These three series represent large lenses 
lying en echelon to each other. Therefore, 
the overall Middle Devonian thickness cannot 
be determined by a simple addition of their 
thicknesses. Probably it does not exceed 
1,000 m. 


Carboniferous System 


The Devonian volcanic section gives 
place to conglomerates and tuffs. Predomina- 
ting in the pebbles are well-rounded frag- 
ments of red liparitic porphyries, from 
several centimeters to 1 m and larger. 


In similar conglomerates to the south of 
the subject area, at the south end of Lake 
Balkhash, V.A. Khakhlov [9] found imprints 
of Upper Devonian flora; in sand lentils of 
this series, 2 km north of Mynaral, we 


Only near the settlement of Kara- | 
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found quartzitelike sandstones with plant im- 
prints identified by M.A. Senkevich as 
Pteridorachis sp., Heteracidium sp., Lepi- 
dodendropsis sp., Knorria sp. This assem- 
blage implies either a Devonian or Carboni- 
ferous age for their emplacing rocks. Appar- 
ently, this bed belongs to the uppermost 
Devonian or to the Tournaisian Carboniferous 
stage. 


This bed is overlain by calcareous sand- 
stones and metasiltstones with numerous 
brachiopods, Productus deruptus Koem., P. 
dengisi Nal., P. magnus M.W., Spirifer 
tornacensis Kon., Sp. plenus Hall, and 
others (ident. by G.R. Shishkina) suggesting 
an Ishim Carboniferous age. 


Higher up, there lie sandstones and meta- 
siltstones filling the central part of the Kara- 
kamys syncline. These rocks carry poorly 
preserved plant remains. There are a few 
small lenses of limestones barren of organic 
remains. 


It is not impossible that this rock section 
may turn out to be coal bearing, but this 
cannot be ascertained without digging and 
drilling. 


INTRUSIVES 


Intrusives of various ages are present in 
the Mynaral area. However, in most cases, 
their dating is arbitrary, done by analogy 
with similar formations in other intrusive 
massifs of Kazakhstan. The data extent make 
it possible to separate three intrusive types: 
Archean granite-gneisses, Caledonian tonal- 
ites, and early Hercynian granites of the 
Karakamys massif, with their vein series. 


1. Archean granite-gneisses. Their expo- 
sures are observed 4 km east of the Kara- 
kamys massif, in the area of distribution of 
the Llandoverian conglomerates. The posi- 
tion of these granite-gneisses, the absence 
of any contact alterations in the enclosing 
rocks, as well as the presence of similar 
rocks in pebbles of Silurian conglomerates, 
make it possible to count them as pre- 
Silurian. The possibility of their belonging 
to a Precambrian basement high should not 
be ruled out. The rocks are represented by 
pink, coarse- to medium-grained granites, 
massive, locally slightly gneissic and cata- 
clastic, strongly porphyritic in isolated 
regions. The granites are made up of tablets 
of intensely pink potassium feldspar (micro- 
Cline), gray plagioclase (oligoclase No. 32), 
gray semitransparent quartz, and hornblende. 
Where the texture is porphyritic, the incrus- 
tations are of potassium feldspar and plagio- 
clase. The rock is strongly altered: plagio- 
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clase is nearly fully sericitized, potassium 
feldspar perthitized, hornblende is replaced 
by chlorite; quartz grains show cataclastic 
structure and have wavy extinction. Besides 
the coarse- and medium-grained granites, 
fine-grained granites were found in pebbles 
-- possibly a vein variety of coarse-grained 
granites, or else a hybrid formation. In their 
composition, the fine-grained granites are 
similar to the coarse grained, except for 
their grain size, their definite gneiss struc- 
ture, and their greater biotite content. 


2. Caledonian tonalites are represented by 
strongly mylonitized rocks. They make up a 
narrow body, oriented SW, as much as 
3 km long and 100 to 150 m wide, running 
parallel to the projection of a large fault 
trending in the same direction. The position 
of this body, and a lack of natural intrusive 
contacts, suggest that the tonalites are a 
narrow Caledonian block along the fault. 
Similar rocks of known Caledonian age are 
known from the Bet-Pak-Dala Desert (Oguz- 
Tau massif). The rocks of that massif are 
represented by gray, tough, strongly mylon- 
itized varieties. Quite discernible are tablets 
of white and rose feldspar, chiefly plagio- 
clase (oligoclase), with a small amount of 
potassium feldspar; the quartz grains show 
distinct, cataclastic structure, with hornblende 
replaced by chlorite and epidote. The rocks 
are strongly altered, chiefly by albitization 
and sericitization. The Caledonian granodio- 
rites and gabbros are also observed in the 
western Karakamys, where they make up a 
block oriented NW, in an overall area of 70 
square kilometers. Most of the exposed area 
is made up by granodiorites, with their edges 
marked by quartz diorites, diorites, and 
hornblende gabbros which are connected with 
the granodiorites by rapid but gradual transi- 
tions. The presence of taxitic structures, the 
rapid change in rocks over a small area, 
and an abundance of sphene and apatite sug- 
gest their hybrid origin. A study of the 
relationship between granodiorites and gran- 
ites has revealed the presence of a sharp 
intrusive contact between them; this is in 
accordance with G.Z. Tsaplin's view of the 
granodiorites as an independent Caledonian 
intrusion. 


3. Early Hercynian granites and their vein 
facies. These intrusions are represented by 
granites of the Karakamys and Dzhalgyz 
massifs. Only the Karakamys rocks are 
described here. The rocks of the other 
massif, externally similar to them, have 
not been studied in detail. 


The Karakamys massif is located in the 
southeastern part of the desert and, con- 
tacting as it does the Precambrian and lower 
Paleozoic deposits, it presents a distinct body, 
trending northeast and limited by faults 
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striking northeast and northwest. The gran- 
ites pierce the entire Paleozoic section, up 
to and including the Silurian, and are in 
actual contact with it. Therefore, the lower 
age limit of this intrusion seems to be post- 
Silurian. On the other hand, a little east of 
the Karakamys intrusion, the Upper Devonian 
and Lower Carboniferous carry gabbro- 
diabase and plagiogranite-porphyry dikes, run- 
ning nearly meridionally, i.e., in the same 
direction as the similar-in-composition dikes 
of the Karakamys massif. Because of that, 
we assume the age of the Karakamys intru- 
sion to be early Hercynian. 


Usual rock phases and facies are recog- 
nized in the Karakamys massif. The intru- 
sive phase is: 1) main intrusive facies -- 
biotite granites; 2) endocontact facies -- 
hornblende-biotite granites. A phase of com- 
plementary intrusions are small bodies of a 
granite or grano syenite composition. The 
vein rock phase is represented by rocks of 
both stages and by veins of rare metals. 
The Karakamys rocks are noted for their 
hybrid formations present both in the intru- 
sives and in the complementary intrusions and 
veins. 


Normal granites are the most common, 
accounting for about 85% of the Karakamys 
area. They are gray, light gray, rose, med- 
ium to coarse-grained rocks, locally por- 
phyritic, with a various biotite content. They 
consist of tablets of white and gray plagio- 
Clase (oligoclase No. 25) 4 to 5 mm long, 
short crystals of rose potassium feldspar 
(microcline and orthoclase) up to 5 to 8 mm, 
biotite scales 2 to 3 mm wide, and gray 
quartz grains. The endocontact facies are 
represented by melanocratic, essentially 
biotitic, locally hornblende-biotite varieties, 
with light-colored mineral content as much 
20% of rock volume. A characteristic fea- 
ture of melanocratic granites is the presence 
of numerous biotite xenoliths, or else of 
feldspatized Archean crystalline schists, 
also an uneven distribution of colored min- 
erals. The rocks are gray, dark, and red 
in color, and of porphyritic texture brought 
about by coarse incrustations of potassium 
feldspar, as much as 2.5 cm. 


The contact metamorphism is unevenly 
expressed in the enclosing rocks, as horn- 
blendization and weak granitization. The latter 
is observed only in the northwest contact 
where Archean rocks are developed. The 
Paleozoic rocks at the eastern intrusion con- 
tack underwent hornblendization, along a 
zone about 200 m wide. The Silurian and 
Devonian sandstones and metasiltstones are 
altered to biotite hornblendites. In the alter- 
ation of Silurian greenstones, amphibole 
hornblendites were formed, with the lime- 
stone lentils altered to garnet, amphibole- 
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garnet, and epidote lime-silicate hornblendites. 
The northern hornblendized contact zone is 

considerably smaller, not exceeding tens of 
meters. 


Thus, the contact alterations, as a whole, 
are those of shallow depths. The hornblende 
facies are only locally complicated by felds- 
patization and granitization, the extent of 
which is negligible. 


The complementary intrusions are repre- | 
sented by coarse- to medium-grained gran- 
ites, syenites, and granosyenites. They 
definitely cut the main phase intrusives, but 
they precede all vein formations. In their 
relationship with the structural elements, 
two groups of complementary intrusives are 
recognized: 1) those associated with the 
endocontact of the massif and corresponding 
in their composition to leucocratic granites; 
exposed area from 1 to 24 km2; 2) those 
located along faults, and inconsistent in their 
composition; they are granites, granosyenites, 
and syenites. Their exposed areas are small, 
2.5 km2, 


Compared with common granites of the 
Karakamys massif, the complementary in- 
trusive granites are characterized by their 
more leucocratic composition, their pale 
rose hues, low biotite content, extreme 
heterogeneity of structures, especially in 
endocontacts, and their lack of oriented tex- 
tures. 


Vein rocks of the first stage include 
plagiogranites, vein granite, pegmatites, 
aplites, and orebearing scheelite veins. 
Most common are vein granites and aplites. 
The vein granites make up bodies of various | 
size and thickness, mostly nearly flat, with 
a near latitudinal strike. The aplites are 
represented chiefly by thin veins running 
northwest, and ore usually steeply dipping. 


Vein rocks of the second stage are repre- 
sented by quartz syenites, alkaline granites, 
plagiogranite-porphyries, diorite-porphyrites, 
and gabbro-diabases. These rocks are 
unevenly distributed throughout the intrusive 
body. Most common are the dikes of plagio- 
granite-porphyries, diorite porphyries, and 
gabbro-diabases. These dikes are longer and 
definitely associated with the intrusive 
body; in the Paleozoic deposits, only a few 
of them are observed beyond the massif. 
The earliest representatives of this series 
of vein rocks are rare dikes of quartz sye- 
nites, followed by granite-porphyries and 
plagiogranite porphyries. 


Among vein rocks of the second stage 
also belong the dikes of diorite-porphyrite 
and gabbro-diabase. All observed exposures 
of these rocks are located chiefly in the 
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eastern half of the massif; and beyond it, 


/ to the south, where the dikes cut Ordovician, 
¢ Silurian, and Lower and Middle Devonian 

' deposits. In the northeastern part of the area, 
' along the Lake Balkhash shore, diorite por- 

| phyrites cut the Lower Carboniferous deposits, 


thus building up a number of small, stock- 


| like, ‘intrusive bodies, and piling up two 


small massifs on the Mynaral Peninsula. The 
easterly of the ie is the larger, spreading 
Over about 2 km*. 


The rocks of this shore outcrop are gray, 
medium-grained, containing incrustations of 


¢ plagioclase, quartz, and hornblende. 


The most recent vein formation of the 
second stage are low-temperature quartz 


y veins and quartzitization zones along the 


east contact of the massif. 


TECTONICS 


The subject area is located on the north 


| wing of the large Burunta anticlinorium [5] 


and in the southern part of the West-Balkhash 
synclinorium [1]. Going from the southeast 
Proterozoic and lower Paleo- 
zoic deposits gradually change to Carbonif- 
erous deposits, filling the Karakamys syn- 
cline. On this background, several narrow, 
elongated synclines and anticlines stand out, 
trending northwest and complicated by high 
angle faults (Figs. 2 and 3). 


The largest anticlinal structures which 
expose Precambrian rocks in their middle 
parts, are the Terenkul’ anticline and the 
Ak-Kerme anticlinal zone comprising the 
en echelon trending Ortansk and Mynaral 
anticlines. 


Between the Ak-Kerme anticlinal zone and 
the Terenkul' anticline, there lies the large 
and complicated Karashingil'’ synclinal zone, 
with the Karaagach anticline stretching in its 
middle part. North of the Ak-Kerme anti- 
clinal zone, there lies a vast area of Devon- 
ian deposits, uniformly dipping north, toward 
the Karakamys syncline. We have named this 
structure, the Mynaral monoclinal block. 
Overturning to the north is characteristic for 
the majority of anticlinal and synclinal struc- 
tures (of the area), which is well expressed 
in a difference between dips of the north and 
south wings. Below a brief description of the 
several structures is given. 


1. The Kuyandy-Uzek syncline is a large 


synclinal fold. Reefian (?) deposits, immediately 


underlying the Ordovician of its south limb, 
dip N - 50° to 70° - E, at 40°; their dips 

on the north wing are flatter, S -- 0 to 20° 
-- W, at 18° to 20°. Its middle part is com- 
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plicated by numerous small folds, bringing 
siliceous reef rocks to the Ordovician rocks. 
Because the dark Ordovician schists are 

here transgressive upon the reef, (both 
being) represented by rocks of a similar 
type, their differentiation is not always feasi- 
ble. The syncline is complicated by a north- 
west trending fault, well defined by a dis- 
placement of siliceous reef ridges, very 
distinct on aerial maps and traceable for over 
20 km. 


2. The Terenkul' anticline is a complex 
structure made up of reef-Lower Paleozoic 
schists. Its south wing is comparatively flat; 
its north wing is disturbed over fairly long 
stretches, and complicated by faults, crush- 
ing zones, and auxiliary folds. Over con- 
siderable distances, the beds are overturned. 
The biggest fault brings in contact between 
reef and Silurian deposits. 


3. Karashingil' synclinal zone comprises 
two synclines separated by the Karaagach 
anticline. The latter is marked by a belt of 
Silurian rocks (Tarannonian, Akkan lime- 
stones, and overlying red beds) among the 
Lower Devonian volcanic clastics. On the 
peninsula, the Karaagach anticline is com- 
plicated by several secondary folds. The 
Dzhilymdin syncline, to the south, is built 
up, in its central part, by flat Devonian 
conglomerates. On the north wings, porphy- 
rites emerge from under them, dipping S-10° 
-E, at 50° to 55°. On the south wing, the 
volcanic deposits are replaced by a series 
of red tuffaceous shales. 


The second, the Kaysun'-Kamys syncline, 
is best defined at the southeastern point of 
Ak-Kerme Bay; here its central part is filled 
by Devonian conglomerates, forming dis- 
tinct relief steps. On the south wing, the 
dips are N - 0 to 5° - E, at 50° to 70°; 
on the north - S - 0 to 5° - W, at 30° to 
40°. Northeast of the Dzhilymda mud flats, 
a complicated fault system is developed, 
with the synclinal structure of individual 
blocks only noticeable in the Devonian con- 
glomerate ridges. 


4. Ortansk anticline is located on the 
south shore of Ak-Kerme Bay, and is built 
up in its middle part, by Ordovician rocks. 
It is nearly symmetrical, with Ordovician 
dips on its south wing, S - 20° to 30° - W, 
of 50° to 55°; on the north wing, N - 20° - 
E, of 60° to 70°. The anticline plunges 
rapidly to the northwest, but can be traced 
farther on, almost as far as the Mynaral- 
Dzhimtau road, by the Devonian conglomer - 
ates forming here a well-defined arch. On 
the southwest and south, the anticline is 
cut by faults where Ordovician deposits 
contact the Devonian. A major fault, trend- 
ing northwest, splits the anticline into east 
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FIGURE 2. Structural scheme of the Mynaral area, west of Lake Balkhash 


] -- Lower Carboniferous sandstones and shales; 2 -- Lower Carboni ferous-Upper Devonian 
sandstones; 3 -- Middle Devonian quartz albitophyres, conglomerates, and sandstones; 4 -- Lower 
Devonian porphyrites, tuffs, sandstones, conglomerates, schists; 5 -- Lower Ludlow-Wenlock, 
Akkan limestone; 6 -- Wenlock-Tarannonian, porphyrites, schists, sandstones, conglomerates; 
7 -- undifferentiated Silurian of the Ak-Kerme Peninsula; 8 -- Llandoverian conglomerates, 
siliceous schists, acid extrusives; 9 -- Ordovician sandstones, conglomerates, cherty schists, 
metasiltstones; 10 -- Cambrian-Reef, schists and siliceous rocks; 11 -- Archean (?) crystal- 
line schists and gneisses; 12 -- granites of the main phase of early Hercynian complex; 13 -- 
complementary intrusives (granites and granosyenites); 14 -- vein rocks of first and second 
stages, and quartzitization zones (aplites, fine-grained granites, quartz syenites, granite- 
porphyries, gabbro-diabases, and diorite-porphyrites; 15 -- granodiorites, tonalites, dio- 
rites and gabbros of the Caledonian complex; 16 -- granites and granite-gneisses of the 
Archean complex; 17 -- faults, strikes and dips. 


Figures on map: 1 -- Mynaral anticline; 2 -- Ortansk anticline; 3 -- Kovalevsk syncline; 
4 -- Ak-Kerme Peninsula structure; 5 -- Kuysun'-Kamys syncline. 


and west parts. 5. The Mynaral anticline is a broad, 


gentle arch made up of Mynaral' conglom - 


erates which dip on its southeast wing, N 
Along this fault, Ordovician (Llandovernian) 35° to 40° - E, at 159: and due i at | 


deposits are brought in contact with the Silu- 20°, on its southwest wing. In a fault zone! 
rian (Tarannon). along the northeast wing, conglomerates an 
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FIGURE 3. Diagrammatic cross sections of the Mynaral area, along lines A-B and C-D 
{1 -- Lower Carboniferous; 2 -- Lower Carboniferous-Upper Devonian; 3 -- Middle Devonian; 
4 -- Lower Devonian; 5 -- Lower Ludlow-Wenlock, Akkan limestone; 6 -- Wenlock-Tarannonian; 7 -- 
Llandoverian; 8 -- Ordovician; 9 -- Lower Paleozoic-Proterozoic; 10 -- Archean; 11 -- diabases; 
12 -- Hercynian granites; 13 -- Caledonian granites; 14 -- faults. 


overlying areno-argillaceous deposits are in 
contact with the uplifted block of Precambrian 
rocks; on the southwest wing, they are trans- 
gressively overlain by the Akkan Silurian 
limestones. On the latitude of Mynaral, the 
arch of the Mynaral anticline is separated 

by faults of the Mynaral monoclinal block. 
Only a small segment of the south wing has 
been left of the anticline; it is represented 
by Llandoverian rocks emerging from under 
the Akkan limestones, as an outcrop. A pro- 
jection of the folds may be seen in a com- 
plicated system of the Ak-Kerme Peninsula 
disturbances which are dealt with in a paper 
by B.M. Keller [3]. 


6. The Mynaral monoclinal block is made 
up of Silurian and Devonian rocks dipping 
northeast in the eastern part and north in the 
western part -+ first steeply, as much as 
70°; then flattening down to 30° to 40° in the 
Devonian. Beside the regional fault, the 
south fringe of the Mynaral block is compli- 
cated by a series of northeast-running cross 
faults, which brought about a small displace- 
ment of Devonian rocks. 


7. The Karakamys syncline is a gentle 
structure made of Carboniferous deposits. 
The syncline is well defined in the west and 
south, by a bed of Ishim limy sandstones, 
dipping on the south wing, N-25°-E, at 15° 
to 20°. The dips in the central part of the 
syncline do not exceed 10°. Both on the 
north and on the south limbs, the Devonian- 
Carboniferous contact is marked by faults, 
running almost latitudinally. Two fault sys- 
tems are identified in the area. The faults 
of the first system are either sublatitudinal 
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or else trending WNW, and are commonly 
associated with anticlinal wings. The best 
defined are the fault cutting the southeast 
wing of the Terenkul' and the southwest limb 
of the Ortansk synclines. Apparently, they 
are thrusts, with the upper blocks displaced 
toward the Ak-Kerme anticlinal zone (see 
Fig. 2). 


The faults of the other system trend to 
the northeast. They are well defined by a dis- 
placement of deposits in the surface relief, 
and they stand out on aerial maps; the dis- 
placement along them usually is not over a 
few hundred meters. 


Finally, northwest-running faults are pres- 
ent in the eastern part of the area; appar- 
ently, they fringe the Karakamys granite 
massif. Along these faults, western blocks 
ride over the eastern. 


It should be noted that the systems of 
diabase and other dikes trend, as a rule, 
northeast and are especially well developed 
within the northwestern Ak-Kerme anticlinal 
belt. Some connection between the faults and 
the vein intrusions is not to be questioned. 
It appears that the tectonic stressed which 
brought about the faults, were also instru- 
mental in the origin of large fissures, run- 
ning northeast, subsequently filled by vein 
rocks. 


HISTORY OF THE STRUCTURE 
AND MAGMATISM DEVELOPMENT 


In the course of all its geologic history, 
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the Ak-Kerme Bay area was a stable province 


of comparatively gentle downwarping, com- 
plicated by block faulting and by a differen- 
tial movement of individual blocks. 


After the emplacement of the Archean age 
granites and the deposition of thick Protero- 
zoic-Cambrian areno-argillaceous rocks, a 
general uplift took place, and a Major pre- 
Ordovician schists persist within the Teren- 
kul' anticline, they are fully removed from 
the north wing of the Mynaral’ anticline 
where Silurian deposits rest directly upon 
reef deposits. 


The Ordovician witnessed a fair degree 
of differentiation in the movement of various 
parts of the area. While a thick, uniform 
sequence of sandstones and shales was 
being deposited in the Kuyanda-Uzek syn- 
cline, the Ortan anticline area and the Ak- 
Kerme Peninsula received clastic terrigenous 
sediments, relatively thin. A break on the 
Ordovician-Silurian boundary is well marked 
by the Llandoverian Mynaral' conglomerates, 
but there are no traces of angular uncon- 
formities at the Silurian boundary. 


Silurian is represented by shallow water 
volcanic-clastic and reef facies. The differ- 
ence in the movement of the individual blocks 
is noticeable here, as well. Going from the 
northwest to southeast, one notices a definite 
thinning of the volcanic facies and their 
replacement by the reef and clastic (Fig. 4). 
In the central part of the Mynaral’ mono- 
clinal block, the Silurian volcanic clastics 
are thousands of meters thick. On the Ak- 
Kerme Peninsula, but a few kilometers 
away, they are fully replaced by a thin lime- 
stone-marl section. 


The same regularity is well traced in the 
Devonian deposits (Fig. 5). Thick Lower 
_ Devonian volcanic-clastics in the western 
part of the Kuysun'-Kamys syncline, changed 
to thin conglomerates and sandstones, locally 
with plant imprints, on the Karaagach Pen- 
insula and the south limb of the Dzhilymdin 
syncline. In the Middle Carboniferous, basic 
extrusives changed to the acid, with the vol- 
canic accumulations going on very unevenly, 
resulting in the formation of immense lentic- 
ular bodies. 


During Early Carboniferous time, the 
area was differentiated into local uplifts and 
broad, gentle downwarps where shallow-water 
areno-argillaceous deposits were accumu- 
lated, with conditions locally favorable for 
coal formation. 


Apparently, here belongs the emplacement 
of early-Hercynian coarse-granite massifs 
which pierced and metamorphosed the Lower 
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Devonian rocks; their vein series cuts the 
Lower Carboniferous, 


as well. 


FIGURE 4. Petrographic composition of Silurian 
rocks (Wenlock-Tarannonian) exposed 
in the Ak-Kerme Bay area. 


1 -- porphyrites; 2 -- schists, siliceous 
schists, metasiltstones; 3 -- conglomerates; 
4 -- tuffs; 5 -- localities of Tarannonian 


graptolites; 6 -- diabase dikes. 


FIGURE 5. 
Devonian rocks exposed in the Ak-Kerme bay area. 


Petrographic composition of Lower 


| -- conglomerates; 2 -- porphyrites; 3 -- 


schists and sandstones. 


REFERENCES 


1. Bogdanov, A.A., PALEOZOYSKIYE TEK- 


TONICHESKIYE STRUKTURY YUZHNOY 


CHASTI KARAGANDINSKOY OBLASTI I 


CHU-BALKHASHSKOGO VODORAZDELA. 


[PALEOZOIC TECTONIC STRUCTURES 


OF THE SOUTH PART OF THE KARA- 


GHANDA PROVINCE AND THE CHU- 
BALKHASH WATER DIVIDE]: 


Tektonika 


B. M. KELLER, I. N. KRYLOV, AND YE. V. NEGREY 


SSSR, t. 1, 1948. 


. Veber, V.N., VERKHNESILURIYSKIYE 


TRILOBITY SSSR [UPPER SILURIAN 
TRILOBITES OF THE U.S.S.R.]: 
Gosgeolizdat, 1951. 


- Keller, B.M., SILURIYSKIYE OTLO- 


ZHENIYA POLUOSTROVA AK-KERME 
[SILURIAN OF THE AK-KERME PEN- 
INSULA]: Izv., Akademiya Nauk SSSR, 
per. Geolk, no. 2; 1958. 


Koptev-Dvornikoy, V.S. and O.S. Polkvoy, 
INTRUSIVNYYE KOMPLEKSY GRANI- 
TOIDOV PALEOZOYA BET-PAK-DALY 
[INTRUSIVE PALEOZOIC GRANITOIDS 
OF BET-PAK-DALA]: Sov. Geologiya, 
sb. 51, 1956. 


. Markova, N.G., O VOZRASTE I POLO- 


ZHENIL V STRUKTURE INTRUZIY BET- 
PAK-DALY [AGE AND STRUCTURAL 
POSITION OF BET-PAK-DALA]: Sov. 
Geologiya, sb. 51, 1956. 


. Nikiforova, O.I. and D.I. Yakovlev, 


MATERIALY K IZUCHENIYU VERKH- 
NESILURIYSKIKH OTLOZHENIY ZA- 
PADNOGO PRIBALKHAS'YA [CONTRI- 
BUTION TO THE STUDY OF THE 


ob) 


UPPER SILURIAN OF THE REGION 
WEST OF LAKE BALKHASH]: Ob'yed. 
Nauchn. -Techn. Izd., 1937. 


. Rukhin, L.B., VERKHNESILURIYSKIYE 


TABULATA I[Z OKRESTNOSTEY OZ. 
BALKHASH [UPPER SILURIAN TABU- 
LATA FROM THE VICINITY OF LAKE 
BALKHASH]: Uch. Zap. LGU (Lenin- 
gorsk Gos. Un.), no. 21, 1939. 


. Stepanov, P.I., VERKHNESILURIYSKAYA 


FAUNA IZ OKRESTNOSTEY OZ. BALK- 
HASH [UPPER SILURIAN FAUNA FROM 
THE VICINITY OF LAKE BALKHASH]: 
Zap. Vseros. Mineralog. O-va, ch. 14, 
ViV Den L908: 


. Khakhlov, V.A., VERKHNEDEVONSKAYA 


FLORA C YUGO-ZAPADNOGO POBER - 
EZH'YA OZ. BALKHASH [UPPER 
DEVONIAN FLORA FROM THE SOUTH- 
WESTERN SHORE OF LAKE BALK- 
HASH]: Izv. Sib. Otd. Geol. Kom., 
i, ienit. 


Geological Institute 
Academy of Sciences of the U.S.S.R. 
Moscow 


Received June 21, 1957 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


PRINCIPLES OF PALEOFLORAL DIFFERENTIATION 
OF CENOZOIC DEPOSITS IN THE KAZAKHSTAN 
AND ADJOINING PARTS OF THE WEST SIBERIAN PLAIN 


by 


Ye. D. Zaklinskaya 


For the most efficient use of spore-pollen 
data in the study of the stratigraphy of Ka- 
zakhstan and its Cenozoic fauna much preyi- 
ously processed material was restudied in 
the light of new theory. 


The areas of investigations are located in 
the northern Aral region, southern part of 
the Turgay downwarp, parts of Kara-Tau 
(vicinity of the Turkestan mountains), the 
Pavlodar Irtysh region, and in the southern 
West Siberian plain. 


The geologic history of these regions is 
fairly similar, as is their paleogeography 
during the Paleogene, Neogene, and Quater- 
nary. 


Their geologic structure is dealt with, in 
considerable detail, 
and joint papers by A.L. Yanshin [28], K.V. 
Nikiforova [21], N.K. Ovechkin [22], V.V. 
Lavrov [19], Ye. P. Boytsova [5, 6], S.B. 
Shatskiy [25], and others; and there is no 
need to review each author's opinion, inas- 
much as all extant classifications were re- 
viewed by the All-Soviet Conference on a 
unified stratigraphy for Siberia, held in 
Leningrad, January 1956, and compiled on 
the basis of the latest data on paleoflora 
and fossil fauna. This includes, as appen- 
dixes, all questions of stratigraphy of a 
contraversial nature, or which need addi- 
tional effort, or which answers only condi- 
tionally the purposes of geologic mapping.? 


‘Specifically, these controversial topics in- 


in a number of individual 
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For the purpose of floral statistics, those plant gen- 
era should be used which, as systematic units of a 
higher rank, are better differentiated from each other, 
and whose distinctive features are more ancient and 
more persistent. 

V. Shafer 27] 


According to this unified stratigraphy, the 
generalized Cenozoic section for the Trans- 


Ural plains (south part) is as follows (Fig. 1). 


The purpose of our study of the spore-pollen 
assemblages from all of the named regions, 
is to establish the most characteristic fea- 
tures for each, in the general aspect of their 
Cenozoic flora, and to obtain a basis for 
correlation of contemporaneous deposits. 


Key sections, studied in the near-Aral 
area, are well characterized by marine 
(Paleogene) and continental (Paleogene -Neo- 
gene) fauna. The Turgay deposits are rich 
both in flora and fauna; in the Irtysh region, 
the continental Oligocene, Neogene, and 
Quaternary deposits also carry a fauna; only 
the sediments of the southern West Siberian 
plain are poor both in flora and fauna. How- 
ever, they are correlative with the western 
sections, by their lithology and by spore- 
pollen data. 


Furthermore, continental deposits of the 
more northerly part of the West Siberian 
plain are rich in flora beds among which of 
particular interest are those carrying seeds 
and leaves (localities along the Tara, Tyma, 
Kizak, Bicha-Turtas, and other rivers). 


clude the age determination of the bauxites from 
the east flank of the Turgay downwarp, and for 
the so-called "kushuk"' beds with flora, of South 
Turgay (the flora has been identified as Miocene 
whereas the fauna suggests an Oligocene-Mio- 
cene age), and a number of others. 


Age, 


type sediments 


FIGURE 1. 


YE. D. ZAKLINSKAYA 


Series Lithology Ealeotolos ae 
reason 
Quaternary | Sands, sandy soils, clays, Mammal fauna, mollusks, 
deposits clay soils, peats, lacus- pollen, fruits, seeds 


trine clays, river- 


Pavlodar Sands, alternating clays Irtysh hipparion fauna 
and sands 


Lacustrine and brackish- 
water deposits, clays 
with manganese 
spherules 


Corbula fauna, mastodons, 
mammalian fauna of 
Agyspa, Kalkaman, 
Kushuk, Zhilanchik-2: 
Aceratherium lienense, 


Brachipotherium 


Tasaran 


Multicolored deposits, 
coarse clastic and areno- 
argillaceous material 


Zhilanchik-1 fauna 


Continental deposits 


Indricotherium asiaticum 

mammal fauna, pollen, 
land turtles, rich leafy 
flora: Pristinotherium 


Clays, cross-bedded 
sands, kaolin clays, 
multicolored clays. 
Sandstones with oolitic 
iron ores. 

Lignites. 


Mollusk fauna, pollen 
flora, and microscopic- 
ally poor plant remains 


Stratified clays with 
sideritic lentils 


Marine fauna (A.L., 
Yanshin, 1943) 


Tough sandy clay, sands, 
sandstones 


Sandy clays, glauconitic Foraminifera, diatoms, 
sandstones, sands, pollen, leaf imprints 
opoks (porous siliceous 
rock), opok clays 


Suzak stage. Clays with plant remains. Fauna, pollen 
Undifferentiated 
Lower 

Paleogene 


Chiefly marine 
Continental marine 


Bauxitic deposits of 
Ashu-Tasta. Sands, 
sandy soils, 
micaceous clays 


Pollen 


Generalized section of marine and continental deposits for the northern Aral area, 
Pavlodar Irtysh region, West Siberian Plain, and Turgay. 
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It would be difficult to name areas other 
than Turgay and West Siberia, which have 
been dealt with in so many published papers 
on microflora, and on pollen analysis, in 
recent years. 


Only the most important are listed here: 
a paper by V.S. Kornilova [15] in which the 
author separates two types from the general 
assemblage of continental floras - the "Tur- 
gai" type, temperate, with an admixture of 
tropical xerophytes (‘'shintuzsay" and bolat- 
tam" assemblages), and the ‘'Aquitanian" 
type, corresponding tO the upper Oligocene 
continental deposits; also a summary by the 
same author [16] giving the first roster of 
Paleogene floras of Turgay and the Aral area, 
on the basis of leaf imprints and pollen. 


Of note is a work by L.N. Rzhannikova 
[23], describing the characteristic assem- 
blagés and their dominant genera, for each 
series of the continental Oligocene of the 
Turgay coal measures. 


Extremely interesting are the papers by 
L. Yu. Budantsev [8, 9] on the Paleogene 
leafy floras of Turgay and the Irtysh area; 
they provide the history of the development 
of the Paleogene flora for these regions, 
separating three major stages (two Eocene 
and one Oligocene). Finally, there are the 
works by E.P. Boytsova [5, 6, 7], in which 
the author separates, by pollen and spores, 
the index spore-pollen assemblages differen- 
tiating the Upper Cretaceous and Tertiary 
deposits of Turgay. 


Still, despite all the works directly or 
indirectly dealing with the sequence of floral 
development of the Trans-Urals, and with 
the stratigraphic position of these floras, 
the precise criteria for their exact age are, 
as yet, lacking. 


A method of flora analysis will be de- 
scribed which we deem the most correct and 
the most consistent for determining the 
boundaries between the several fauna, in 
order to determine their stratigraphic 
position. 


SPORE-POLLEN ASSEMBLAGES 


The first and the basic stage in the study 
of sedimentary deposits by spore-pollen 
analysis is a statistical count of pollen and 
spore forms, in stratified key sections. 


Such investigations imply the carrying out 
of mass, serial analyses and a determination 
of percent content for the main groups (gym- 
nosperms, angiosperms, spores), and for 
individual components of each group. 
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In this process, the possibility cannot be 
ruled out, of considerable divergences in the 
percent content for assemblages from con- 
temporaneous but facially different deposits. 
However, by correlation, it is possible to 
discern similarity in the character of the 
percent-content curves for each component 
of the groups, in the contemporaneous as- 
semblage of a region, and to correlate them 
with assemblages from distant sections. 


As a result of such correlations, a series 
of curves have here been developed, charac- 
terizing in their most general features the 
entire Cenozoic section of the subject regions. 
On the average, these type curves - if they 
may be so names - are as shown on Figure 
2, with slight deviations, one way or another. 


The oldest known Tertiary deposits (Suzak 
stage of the Kara-Tau) carry assemblages 
consisting almost entirely of angiosperm 
pollen, the best represented being the families 
of Myrtaceae, Myricaceae, genus Conacomy- 
rica (?), Eucalyptus. Very rare is pollen of 
the genera Rhus, Labordia (fam. Loganiaceae) 
and fam. Proteaceae. Virtually absent are 
the genera Alnus, Betula, where present in 
all cases are pollen grains of problematical 
tripore angiosperm pollen, chiefly from 
extinct plants. The German scientists, Tom- 
son and Pflug [29], and others, relegate this 
pollen to the synthetic genera Extratriporo- 
pollenites Pflug, Trudopollis Pfl., etc. Vari- 
ous species of this pollen are widely devel- 
oped in lower Paleogene spectra of the south 
part of European U.S.S.R., Western Europe, 
Turgay, Kazakhstan. In the more easterly 
part of the U.S.S.R., it is less common or 
lacking. 


The content of gymnosperms is usually 
5% to 10%; they are lacking in some beds. 
upper Eocene assemblages (Tasaran and 
Saksaul series) are also poor in gymnosperm 
pollen, although their content locally attains 
30%. The spores do not exceed 5% to 25%, 
with the total angiosperm pollen ranging 
from 40% to 60%. Important among the gym- 
nosperms are the families Cycadaceae, 
Araucaraceae, Podocarpaceae, Pinaceae (up 
to 20% of total gymnosperms). The pollen of 
the family Penaceae is important in all Eo- 
cene deposits, but its composition varies 
vertically [12, 13]. The Kazakhstan Eocene 
is characterized by a comparatively large 
content and variety of the species of genus 
Cedrus. However, it virtually lacks the 
pollen of genera Taxodium and Tsuga. 


Eocene assemblages of the Tasaran and 
Saksaul series differ considerably in the 
composition of their angiosperm pollen. The 
Tasaran assemblages contain, among other 
angiosperms, the pollen of Ebenaceae, Lau- 
raceae, Proteaceae, Palmae, Trudopollis Pfl. 
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FIGURE 2. Generalized diagram of percent content for spore-pollen assemblage-content ratios, 
from the Cenozoic of the Trans-Uralian plains. 


| -- total gymnosperm pollen; 2 -- total angiosperm pollen, 3 -- total spores, 4 -- Cycadaceae, 
| Ginkgoaceae, Araucariaceae; 5 -- Cedrus; 6 -- Pinus; 7 -- Picea; 8 -- Taxodium; 9 -- total pollen of 
| subtropical plants and undefined pollen, type ''Leguminosae''; 10 -- Betulaceae; 11 -- Alnus; 12 -- 
total pollen of broad-leaved annuals; 13 -- total pollen of grasses. 
Nearly all of the Saksaul assemblages are presence of the elements of temperate decid- 
enriched by the genera Casaurina, Quercus, uous flora is considerably greater than it is 
Alhagi, Castanea, Nitraria, Ferula, and by in the contemporaneous Trans-Uralian and 
' representatives of various genera of the Turgay assemblages. Among the most com- 
families Leguminosae, Chenopodiaceae, mon genera (represented by different species) 
Goodeniaceae, Moraceae, Euphorbiaciae. in the Chegansk spectra are Rhus, Nyssa, 
These assemblages also contain the pollen Alnus, Tilia, Castanea, Carya, Carpinus, 
_ of the synthetic genus Extratriporopollenites and the families Araliaceae, Moraceae, 
- Pfl. Practically lacking is the pollen of Euphorbiaceae. Still preserved in the lower 
| broadleaved annuals, with the exception of beds of this series are elements of an arid 
_ the uppermost beds of this series, at its flora, commonly with Chenopodiaceae, Mor- 
_ boundary with the Chegan. Of a somewhat aceae, Ephedra, Euphorbiaceae, also 
_ different aspect are assemblages of the Palmae (7). 
_Chegan. series (upper Eocene-lower Oligo- e 
—cene), which reflect a mixed flora repre- Very distinct are some assemblages from 
sented by subtropical elements with an ad- the continental Oligocene; they are character- 
mixture of the temperate. The percent- ized by a considerable rise in the pollen 
content curves for subtropical species show curve for gymnosperms, whose numbers 
a definite decrease for gymnosperms, in increase generally at the expense of the 
general, and for the genera Cedrus and genus Pinus, here represented by various 
Podocarpus, in particular. species. Especially widespread are species 
of the genera Strobus, Taeda, Cembrae. The 
Common among the angiosperms are genus Taxodium is especially well developed 
representatives of the genera Alnus, Betula, in middle Oligocene sections (up to 40%). 
Carpinus, Tilia, Acer, Eagus, Elmus, Ilex, The genus Tsuga also makes its appearance 
and others. The number of these genera is here. 
such as to be reflected by a curve. In the 
West Siberian and Irtysh assemblages, the Especially abundant among the angiosperms, 
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is the pollen of a group of genera comprising 
the so-called temperate Turgay flora with 
Alnus, Pterocarya, Acer, Juglans, Nyssa, 
Betula, Carpinus, Ulmus. 


The number of Araliaceae, Rhus, Myrta- 
ceae is still important in the lower middle 
Oligocene, but they are of no significance 
or lacking in its middle part. Middle Oligo- 
cene spectra are distinguished by their rich 
pollen content of various species of the 
genera Alnus, Pterocarya, Juglans. Assem- 
blages from upper Oligocene deposits usually 
contain less gymnosperm pollen, with the 
pollen of the genera Cedrus and Podocarpus 
only in a few places. Representatives of the 
genus Taxodium are fewer. The angiosperms 
are represented chiefly by species of the 
genera Betula, Alnus, Ilex, and others, with 
Pterocarya and Juglans present; the pollen of 
meadow-steppe grasses appear represented 
by the families Umbelliferae, Labiatae, 
Gramineae, Compositae, etc. Assemblage 
types differ: they represent either forest 
vegetation (Turgay) or that of open land- 
scapes (Aral area), or else of tugay forest 
habitats (West Siberia). Representatives of 
marsh-lacustrine flora make their appear- 
ance as grass pollen: Sparganium, Potamo- 
geton, Nymohaeceae, etc. The number of 
subtropical xerophytes is either insignificant, 
or not present at all. 


In deposits characterized by a lower 
Miocene fauna with Mastodon, Dicroceros, 
Aralotherium, also Corbula helmerseni, the 
spore-pollen content differ in composition. 
In the gypsiferous greenish-gray clays with 
ferro-manganese nodules, flora remains are 
poor, and the assemblages usually suggest 
an open landscape overgrown by many 
grasses, and with a smaller representation 
of wood plants, such as Betula, Alnus, Tilia, 
Pinus, etc. 


Humus clays in the northwestern Aral 
area, locality Kuzhasay (Aral series of A.L. 
Yanshin, 1938), carry an excellent forest 
assemblage very similar to the middle Oligo- 
cene assemblages in its composition of both 
gymnosperm and angiosperm genera. This 
assemblage differs but little from those, of 
the so-called Kushuk beds of Turgay, repre- 
senting a clayey facies of the Chagray 
(Naurzum series of Turgay) series where a 
rich lower Miocene-upper Oligocene mammal 
fauna has been found, with Aceratherium 
auralienense, Brachipotherium, Indricotherium 
sp. The higher Tertiary beds of the Trans- 
Uralian plains are usually poor in flora, and 
their assemblages are monotonous. 


In formations with Hipparion fauna, and 
in their areno-argillaceous correlatives, the 
assemblages are represented chiefly by 
grasses, with Chenopodiaceae, Ephedra, 
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Gramineae, Artemisia, Umbelliferae. The 
admixture of woody plants pollen does not 
exceed 10% to 15% and contains the genera 
Pinus, Picea, Taxodium, Tsuga. Thus, the 
Miocene-Pliocene assemblages of the Hippar- 
ion beds suggest a temperate flora, almost 
fully devoid of subtropical elements, and 
represented as a whole by open-habitat plants. 


The Quaternary assemblages are still 
more monotonous in the number of repre- 
sentative genera and usually reflects vegeta- 
tion of open habitat, with but an insignificant 
amount of woody-plant pollen (Alnus, Betula, 
Pinus), represented by modern species, 
probably localized. 


Such typical spore-pollen assemblage, as 
distributed in the stratigraphic sequence, is 
characteristic for Tertiary deposits in the 
area from the northern Aral to the Yenisey 
ridge, across the southern Urals, Turgay, 
the Irtysh area, and southern West Siberia. 


As a result of the spore-pollen assem- 
blage analysis, and of a correlation of the 
data of macroscopic remains from sections 
whose stratigraphic position is clear, a 
general history of the Cenozoic vegetation 
cover is established and found to be amaz- 


‘ingly orderly. 


This sequence appears to be as follows: 


1. Paleocene-Eocene: flora, subtropical 
with tropical elements; vegetation type, 
forest. 


2. Upper Eocene: flora, subtropical, with 
elements of xerophyte desert (?) associations. 


3. Lower Oligocene: flora subtropical, 
with an admixture of deciduous temperate 
elements. Vegetation, forest type. 


4, Middle Oligocene: flora temperate with 
an admixture of subtropical relicts from the 


Eocene. Vegetation, forest, mixed coniferous-— 


broadleaf, coniferous, and broadleaf. 


5. Upper Oligocene-lower Miocene: flora, 
temperate. Diversified vegetation: chiefly 
forest, mixed coniferous-broadleaf, for 
upper Oligocene; open-habitat type with tugay 
type forest, for lower Miocene. 


6. Miocene and Pliocene: flora, temperate. 
Vegetation, chiefly open habitat, with birch 
groves and local forests. 


7. Quaternary: flora, temperate. Open- 
habitat vegetation, somewhat similar to the 
present, for the subject areas. The inci- 
dence of the forest element is short-lived 
and sporadic, being associated with bottom 
beds. 
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This general spore-pollen orientation is 
excellently marked in all spore-pollen assem- 
blages for the regions names. A testimony to 
its merit is its general recognition by the 
students of the Trans-Uralian Cenozoic; the 
only exception is taken by a group of collabo- 
rators of the West Siberian Geological Ad- 
ministration - A.G. Kovalevskaya [14] and 
G.A. Baluyeva [1] - who relegate the sub- 
tropical Chegan flora to the upper Oligocene, 
on the basis that this flora, enriched as they 
are by the "Turgay" element, belong to the 
“Aquitanian"” complex as designated by A.N. 
Krishtofovich, in 1941. 


The second controversial thesis propounded 
by these investigators, that of an upper Oli- 
gocene-Miocene age of the floras associated 
with the Indricotherium-fauna deposits, is an 
essentially unfounded conclusion. Without 
pausing for a discussion of this question, I 
will only note that the Chegan flora is asso- 
ciated with a marine upper Ecocene and lower 
Oligocene fauna; therefore it is considerably 
older than is assumed by A.G. Kovalevskaya 
and G.A. Baluyeva. 


Moreover, it is essentially wrong to call 
this flora temperate, since its xerophytic 
subtropical elements considerably outweigh 
the holarctic temperate. On the other hand, 
the appearance of a number of species of the 
genera which subsequently became well devel- 
oped in the middle Oligocene flora, suggests 
that the Chegan flora should be taken as 
transitional to a new and subsequently devel- 
oped complex of middle Oligocene "Turgay" 
floras. 


AN ATTEMPT AT THE ANALYSIS 
OF GEOGRAPHICAL ELEMENTS 
OF THE CENOZOIC FLORA 
FROM THE SOUTH TRANS-URALIAN PLAINS 


In the process of analysis of the material, 
it became clear that, besides the apparent 
generic differences in both the gymnosperm 
and angiosperm plants, the flora of each 
series contains separate groups of fossil 
genera and species, whose present geographic 
distribution is different. In the majority of 
cases, the present habitat of these genera 
and species is far removed from their Paleo- 
gene and Neogene sites. 


These groups of genera and their species 
come and go in stratigraphically different 
beds. 


Because of the fact that a differentiation of 
habitat, or their localization in isolated 
botanical-geographical provinces, was the 
result of considerable changes in the physi- 
cal-geographical environment, particularly 
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in climate and in the configuration and size 
of marine basins, we deem it expedient to 
analyse the relationship between the geo- 
graphical elements of a fossil flora and to 
trace them both vertically and laterally. 


Such studies are not new. V. Shafer [26] 
engaged in them, in his analysis of the 
Pliocene Chorshtyn flora. He used species, 
as is normal for modern and near-modern 
flora. In 1957, V.P. Grichuk also analysed 
the geographical elements, in connection with 
the problem of the lower boundary of the 
Quaternary, wherein he demonstrated a step- 
by-step disappearance of the tropical ele- 
ments of the flora, from the top of the Mio- 
cene to and including the Pliocene. 


Besides the pollen assemblages, the most 
complete floral rosters of leaf imprints were 
used for each bed. They were taken from 
papers by V.I. Baranov [2, 3], V.S. Korni- 
lova [15, 16], L. Yu. Budantsev [8, 9], V. 
Sukhov [24], M.G. Gorbunov [10, 11], A.A. 
Larishchev [20], and other authors. The 
material was taken only from those papers 
dealing with the localities whose stratigraphic 
position coincided with that of our pollen- 
bearing beds. 


About 300 species of angiosperms belong- 
ing to 170 genera, and some 80 to 100 
species of gymnosperms belonging to 30 
genera, are represented in the Cenozoic 
flora of the Aral area, Turgay, Irtysh area, 
and the southern West Siberian plain. This 
count is not exact, of course; it is quite 
possible that some specimens, identified by 
their pollen and other properties as different 
species of the same genus, may be in fact 
the same species. Moreover, any catalogue 
of pollen assemblages always contains a group 
of unidentified specimens whose taxonomic 
position has not been determined. They are 
mostly species of extinct genera. 


Certain genera, represented by a few 
species, appear as solitary findings, and the 
duration of their development throughout the 
subject area is short (Lauraceae, Palmae, 
Aralia, Eucalyptus, and others). A large 
number of genera appear at the base of the 
Paleogene and persist up to the Pliocene, in 
a modified specific composition (the genera 
Pinus, Carpinus, Myrica, and others, and 
the family Chenopodiaceae). 


Turning now to the modern habitat of 
the genera now known from the Cenozoic 
flora, we note some curious regularities 
which suggest that the change in the com- 
position of fossil floras occurs as a result 
of a shifting of the distribution boundaries 
for entire generic groups which are now 
characterized by a definite geographic dis- 
tribution. 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


Staying within the framework of the estab- 
lished technique of dividing the globe into 
floral zones, it is possible to divide all the 
genera known from the Cenozoic of the Trans- 
Uralian plains, into the following groups, by 
means of their botanical-geographical prop- 
erties: 


I. Widely distributed genera whose habi- 
tats, both differentiated and not, are essen- 
tially confined to the holarctic botanical- 
geographic province; also cosmopolitan 
genera, scattered all over the world. 


Il. Holarctic genera, whose habitats do 
not extend beyond the south boundary of the 
holarctic floral province. 


Ill. Holantarctic-paleoneotropic genera, 
confined chiefly to the south boundary of the 
holarctic floral province. 


IV. Paleoneotropic genera, with their 
babitats confined to the neo- or paleotropics. 


V. Holantarctic and holantarctic-neotropic- 
australian genera, whose habitats lie within 
the Australian province or else take in the 
north of the Australian and the south of the 
neotropical provinces; also genera whose 
habitats are only confined to the holantarctic 
province.! 


Within these major groups of genera, a 
number of subgroups may be designated 
whose present habitats are united by their 
common geographic distribution (Fig. 3). In 
solving the problems of floral statistics, the 
most reliable and precise data are supplied 
by plant genera, as units of a higher rank, 
and which are better differentiated from each 
other than are species. If this is true for 
modern flora, the taxonomy of which is im- 
measurably better worked out than that for 
the fossil flora, it is clear that going beyond 
generic determination to species, in the first 
attempt at floral analysis, would be quite 
hazardous, inasmuch as a specific determi- 
nation by reproductive organs or by micro- 
spores is still so uncertain that gross errors 
in count are quite possible. Moreover, the 
Paleogene species are now mostly extinct. 


The sequence of floras, considered as an 
assemblage of definite genera, should be 
tied in with major events of geologic history 
(epoch, age). In order to establish the bound- 
aries for smaller stratigraphic elements, the 
migration and emergence of new genera 


‘Systematic catalogues of floras are found in 
the author's report for 1957, which is the basis 
for the present paper. 
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should be considered; therefore, it is not to 
be denied that the use of generic assemblages 
would be very helpful in detailed stratigraphic 
differentiation; accordingly, the determination 
of plant species by microspores is an im- 
portant problem. 


Summarizing the data of the voluminous 
catalogues of fossil Tertiary floras from the 
Aral area, Irtysh.area, and the southwestern 
Siberian plain, we can arrive at the following 
conclusions. 


The extinct genera, as identified mainly by 
pollen and relegated to synthetic genera such 
as the genus Extratriporopollenites Pfl. , 
Trudopollis Pfl., also the genus Dewalquea 
and others, were developed in the Upper 
Cretaceous, Paleocene, and Eocene, when 
they also became extinct (Fig. 4). 


The genera of an Indo-Malaysian-Australian 
distribution, especially the Australian, are 
best developed in Eocene deposits where their 
content reaches 10% to 15% of total genera. 


A participation of the Indo-Malaysian- 
Australian genera in the flora of the Chegan 
series was also noted. This is especially 
true for the spore-pollen assemblages of its 
lower beds. This last circumstance may be 
a proof for an Eocene origin of the Chegan 
series. 


The group of genera whose habitats corre- 
spond to the present paleo- and neotropical 
botanic-geographic provinces, are especially 
widespread in the Paleogene floras. In the 
Eocene deposits, especially in the upper 
Eocene floras (Saksaul series of A.L. Yan- 
shin), the number of this group is seldom 
less than 35% of total genera representing 
the upper Eocene flora. 


Generally speaking, this generic group - 
vast, diversified, and presently associated 
with the subtropics and tropics - ceased to 
be of any importance at the upper-middle 
Oligocene boundary. The higher Paleogene 
and Neogene beds are marked only by soli- 
tary pollen findings for the species of the 
family Palmae, the genus Myrtus and others, 
apparently of relict origin. 


The Mediterranean elements are poorly 
expressed in the Cenozoic Kazakhstan floras, 
and the presence in assemblages, and in 
imprints, of such genera as Cedrus, Laurus, 
etc., is barely noticeable at the base of the 
Paleogene. Toward the middle of the Oligo- 
cene, the importance of the Mediterranean 
component is practically nil;-it is fully lack- 
ing in the Neogene, with the exception of the 
Aral area spectra from the Kuzha-Say local- 
ity, where the presence of genus Cedrus was 
noted, contrary to all expectations. This is 
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Holarctic-paleo-neotropic (confined chiefly to south boundaries 
of holarctic floral province) 
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IV Map of floral provinces (after M.V. Kul'tiyasov, 1955) 
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FIGURE 3, cont. Groups of genera with 


pone of the reasons for regarding the Kuzha- 
‘Say flora as belonging to the top of the 
Paleogene. 


_ A group of North American genera, whose 
numbers are insignificant, is most widely 
‘developed in the Oligocene, Miocene, and 
fparticularly in Pliocene deposits. The num- 
‘ber of holarctic east Asian and Japanese- 
|Chinese genera reaches its maximum in 
‘middle Oligocene floras of the Chagray and 
Aral series; they are also fairly well devel- 
‘oped in the Pliocene. The curve for a group 
of holarctic North American-Eurasian genera 
‘rises in steps, during all of the Cenozoic. 
Toward the Pliocene and Quaternary, the 
North American genera become predominant 
and in fact form a peculiar "background" in 
the Cenozoic flora of the southern Trans- 
Uralian plains. 


In the Upper Cretaceous, this genera group 
is represented essentially by the genus Pinus; 
in Paleocene-Eocene, by the genera Pinus, 
Picea, Alnus, Myrica, Salix; in the Oligocene 
by the genera Pinus, Picea, Abies, Salix, 
Rhamnus, Betula, Alnus; the genera Pinus, 
Picea predominate in the lower Oligocene; 
the population of the genera Alnus, Betula, 
Pinus increases sharply in the middle Oligo- 
cene and lower Miocene, the latter genera 
are still represented by diversified species. 
In the Pliocene and Quaternary, the genus 
Pinus is best developed, with Betula repre- 
sented by considerably fewer species, and 
with wide development of a genera group 
belonging to families Chenopodiaceae, Cruci- 
ferae, Umbelliferae, Gramineae, Potamo- 
getonaceae, Sparganiaceae, Rosaceae. 


CAPE 


Re eNa Ag Rus oT: 


common modern geographic distribution 


] -- boundaries of floral provinces; 2 -- area of paleoflora study 


Thus, two floras (in a broad sense) may 
be designated for the entire Cenozoic of 
the north Aral area, Turgay, Pavlodar Irtysh 
area, and the southern West Siberian plain: 
1) subtropical and tropical, represented by a 
great number of genera presently having a 
paleo-neotropic, Australian, and holantarctic 
distribution (Helliden Paleocene and Poltava 
Eocene floras of A.N. Krishtofovich); 2) 
temperate flora, essentially represented by 
genera now distributed in the northern hemi- 
sphere (Arctotertiary "Turgay" flora as 
understood by A.N. Krishtofovich). 


The time of the final disappearance of 
subtropical flora, from Kazakhstan and the 
southern West Siberian plain - a major stage 
in the development of the entire geologic 
setup of those regions - falls on the Eocene- 
Oligocene boundary. From then one, the 
floras lack the (now) extinct genera and the 
stage belongs to ascending holarctic genera 
now living in deciduous forests. 


From the Oligocene on, the participation 
of holarctic flora elements, in its broad 
sense (I.E., including those genera whose 
habitats are confined to the present boundary 
of holarctic and paleo- and neotropic prov- 
inces) grows steadily. Conversely, the sig- 
nificance of the paleoneotropic elements 
decreases considerably. 


The Kazakhstan and West Siberian Ter- 
tiary flora appears to be of an even earlier 
age - Upper Cretaceous; despite some par- 
ticipation of the now holarctic and wide- 
spread genera, it is characterized by an 
abundance of now extinct genera, an absolute 
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preponderance of the paleo- and neotropic 
elements, and an almost total lack of Aus- 
tralian-Malaysian genera. 


In the development of the Kazakhstan and 
West Siberian Cenozoic flora, the following 
major stages may be designated, which in 
turn may be subdivided into stages and phase 


First stage: .a Paleocene-Eocene flora with 
considerable number of genera now extinct 
(Australian-Malaysian paleo-neotropic and 
holarctic, gravitating toward the subtropic 
latitudes of America and Asia). Associated 
with this stage are leaves and pollen of 
Palmae, Myrtus, and Eucalyptus - a repre- 
sentative of the family Euphorbiaceae. 


es OF 
f flora 


8 
ases 0: 


I Slheseeoiies sol ea) > 
| 
| 
1 


ubsta: 
development 


ph 


A 


ee | 
| Ne 
| 


The first stage may be subdivided into 
three phases: 


1) a predominance of the Australian- 
Malaysian element with species of Myrica- 
like plants; Paleocene-Eocene; 


2) Tropical forest phase, possibly 
jungle type; Middle Eocene; 


3) Isolated forest phase, and savannah 
type vegetation; upper Eocene. 


The last phase is characterized by the 
development of the genera Olea, Acacia, 
Sterculia, the family Euphoribiaceae, the 
genera Myrtus, Aloe, Ephedra, genera of 
the family Chenopodiaceae, Graminea, Umbel 
liferae, Leguminosae, and by a number of 
genera now extinct; this is the line beyond 
which the now extinct genera do not persist. 
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; 6 -- North American; 7 -- Mediterranean; 8 -- East Asian; 


9 -- North American-Eurasian (chiefly East Asian) 


; 10 -- holarctic and widespread. 
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Second stage: lower-middle Oligocene 
flora characterized by a gradual and regular 
increase in holarctic element, a decrease in 
the subtropic, and by a full degradation of 
the Australian-Malaysian element. This stage 
is subdivided into: 


Relationships of genera groups in floras of different series. 


1) transitional phase; the Chegan series 
flora; upper Eocene-lower Oligocene; at the 
outset of this phase, its flora is so rich in 
subtropic elements that it can be fully rele- 
gated to the '"'Poltava" type, as understood by 
A.N. Krishtofovich; as a whole, the flora of 
this phase is represented by forest type 
vegetation with some admixture of dedicuous 
elements; 


FIGURE 4. 
] -- extinct genera; 2 -- |Indo-Malaysian-Australian; 3 -- paleo-neotropic-Australian; 4 -- holarctic- 


paleo-neotropic; 5 -- North American-East Aasian 


2) phase with flora of the middle Oli- 
gocene Kutanbulak and Chiliktin series. 


‘Cretaceous and Tertiary floras of Europe 
contain elements of Australian flora, up to the 
Oligocene. 
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| The second phase should be considered the 
jecond stage proper in the development of 
jenozoic flora. The vegetation of the second 
hase in the development of the second-stage 
§.ora is represented by lush broadleaf, mixed 
joniferous -broadleaf, and coniferous forests. 
the species comprising forest assemblages 
selong chiefly to holarctic genera whose 
resent habitats are confined to Eurasian and 
‘orth American-Eurasian centers. Yet, the 
dmixture of those species whose genera are 
jonfined to paleo- and neotropics, is still 
onsiderable. This is a typical Turgay, 
irctotertiary flora, according to A.N. Krish- 
Mfovich. The second phase of the second 
tora stage coincides with the spreading of 


ye Indricotherium fauna. 
q 


i] 


V.S. Kornilova [16] designates our flora 
if the second stage as ''Turgay flora" proper. 


t! 

The time of the second floral development 
hase is characterized by a period of com- 
"arative tectonic quiet and of slowing down 
erosional processes. This is the time when 
custrine-marshy basins spread over vast 

— of the southern Trans-Uralian 
lains, with surrounding lush vegetation. 


V.V. Lavrov [19] designates the second 
i phase of our outline as the Indrico- 
ierium stage. This is the time of a partic- 
larly great penetration of American-Eurasian 
‘enera and of a considerable increase in the 
umber of new species of the genera Alnus, 
etula, Pinus, Pterocarya, Juglans, and 
‘axodium. Lowland forests are widely devel- 
‘ped. The second phase may be divided into 
(wo subphases: 


1) flora with a considerable number of 
ubtropical xerophytes (Shintuzsay assem- 
lage of V.S. Kornilova) and 


2) flora with an insignificant number of 
‘ubtropical xerophytes, or altogether lacking 
in them (Bolattam assemblage of V.S. Korni- 
ova. ) 


A third stage (Upper Oligocene-Pliocene) 
of the flora development emerges with a 
‘evival of tectonic activity along the bound- 
iries of the Kazakh highlands and in the 
Mugodzhary. The erosive action of the 
‘iver is intensified. The average annual 
emperatures are lower. The genera, 

10w confined to the Australian-Malaysian 
enters, no longer inhabit the Aral area, 
furgay, and the Irtysh area, now also 
rirtually deserted by the subtropical Paleo- 
ind Neotropical genera. The vegetation 
icquires a typically holarctic temperate 
uspect, with its forest assemblage domi- 
rated by deciduous species with some ever- 
sreen elements - a few species of pine 

ind spruce. 
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The flora, as a whole, is dominated by 
the holarctic element represented by genera 
whose present habitats have an American- 
Pontian-East Asian distribution. Cosmopolitan 
genera are widespread. Almost lacking are 
the Mediterranean and North American genera 
with elements of a steppe and semidesert 
landscape in the ascendency. 


? 


At the boundary between the second and 
third stages in the flora development, there 
appear new mammal genera, among them 
Aceratherium, Brachipoterium, and later on, 
Mastodon, Anchitherium, and others, whose 
genera are adapted to an open landscape 
rather than to a woody terrain. 


However, the character of the vegetation 
at the onset of the third stage remained 
essentially forest. Forest assemblages are 
represented by a mixed complex of coniferous 
and broadleaf species, and approach the East 
China type. 


The gradual decrease of the annual tem- 
peratures and an intensification of the conti- 
nental aspect of the climate, encourage a 
wide development of an open landscape vege- 
tation type. 


The third stage in the development of 
vegetation is marked by a gradual dying out 
of forest assemblages, which culminates 
toward its close in the formation of nearly 
wholly open landscapes; this coincides with 
the deposition of typical beds of the Aral 
series (greenish-gray soapy clays with man- 
ganese nodules), usually carrying large 
amounts of grass pollen. 


This stage terminates with a definite 
elimination of the Mediterranean, East Asian, 
and subtropical elements of the flora, with a 
gradual dying out of the majority of the North 
American- East Asian genera with Pinus, 
Picea, Tsuga, Taxodium, and with a definite 
conquest of the terrain, by the North Amer- 
ican-Eurasian elements. This stage coincides 
with the development of hipparions, ostriches, 
antelopes, and giraffes (Pavlodar fauna of the 
Irtysh area), 


Thus, the third stage of the Cenozoic flora 
development may be subdivided into three 
phases, with the first embracing the time of 
deposition of the Chagray and uppermost Aral 
series (phase of island and band forests); the 
second, embracing the time of development 
of fresh and brackish lacustrine basins of 
the upper Aral beds (phase of open and 
mixed landscapes with remnants of island 
forest assemblages); finally, the third - 
corresponding to the deposition of Miocene- 
Pliocene fluvial-lacustrine sediments eee a 
Hipparion fauna (open landscape phase). 
correlating our data with the fe fe of 
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'V.S. Kornilova [16], the flora of our first 
and second phases of the third stage of flora 
of Turgay which represents the moribund 


| "Turgay" flora. 


The time of the development and the 


| spreading of this impoverished and essentially 
* temperate flora, as quite correctly noted by 

| V.S. Kornilova, endures till the end of the 

) Tertiary, with a gradual loss of most of the 


archaic forms, replaced by new species, re- 


i lated to the present. 


Unfortunately, the Late Pliocene floral 
complex is little known, making the sequence 
to the Quaternary difficult to reconstruct. 
Nevertheless, the data extant on the Quater- 


> nary flora make it possible to separate a 
¢ fourth, and last, 
j opment. 


stage of the floral devel- 


This stage is featured by a total disappear- 


i ance of the tropical floral element. As a 

) whole, its vegetation is represented only by 
| two groups of genera, whose ‘present habi- 
f tats are fully holarctic, within the Eurasian 
) habitats; only a small assemblage of genera 


belongs to the American-Mediterranean- 


' Pontian-East Asian group, related to the 


development of steppe and semidesert plants. 


The vegetation cover of the fourth stage 


' is familiar to use from the present aspect 
| of the regions of our investigations: this is 
a province of grasses, 
assemblages with crabgrasses, cereals, 


steppe, and desert 
wormwood, umbellates, etc. 


The arrival of forest assemblages into 


' the early Quaternary flora, is noted at the 


onset of the fourth stage. As a whole, the 
flora of this stage is closely related to the 
present. 


SUMMARY 


Thus, as a result of a floral analysis 
of the data on fossil spores, pollen, and 
leaf imprints, it is possible to identify 
stages in the development of the vegetable 


- cover, whose boundaries are of stratigraph- 
ical significance, as are the phase boundaries 


within these stages; this is because they are 
associated with stages and phases of relief 
formation, erosion, climatic change, and 
the history of faunal development (Fig. 5). 


The floral analysis of data by spores, 
pollen, and plant imprints, makes it pos- 
sible to trace the boundaries between the 
stages and phases of the vegetable-cover 
development, without any reference to a 
correlation of the flora findings with genet- 
ically different types of sediments. Our 


va 


working data are related to major taxonomic 
units (the geographic element of flora, as 
determined by a complex of genera, com- 
prises an assemblage of groups of ecolog- 
ically different species). The stage and 
phase boundaries of vegetation development, 
in those cases when they mark the periods 
of marine deposition, coincide with the 
boundaries as traced by fauna. 


The stage and phase boundaries, as traced 
by the continental-deposit floras, somewhat 
predate those traced by the mammal fauna. 
This is natural, since the landscape changes 
are not immediately reflected in fauna 
changes which require time for adaption to 
new conditions. 


This is the situation at the boundary 
between the second and third stages, coin- 
ciding with the Late and Middle Oligocene 
boundary, whereas the faunal data place 
this boundary between the Late Oligocene 
and Early Miocene. 


However, in tracing the stratigraphic 
boundaries and in designating the stages, 
beds, and series on maps, the entire com- 
plex of lithologic, faunal, and floral data 
must be taken into consideration, even if 
this should lead to compromises, since a 
coincidence of the boundaries as determined 
by any of these methods, is impossible. 
This purpose would be served by mono- 
graphs describing the fossil plant remains, 
down to their genera. This will make it 
possible to identify groups of genera within 
the separate phases which have a small 
vertical and a wide lateral distribution. 


We attempted to separate such genera 
groups, by angiosperm pollen, but their 
monographic description has not, as yet, 
been accomplished. In any event, it can 
be stated that the appearance of angiosperm 
species related to present forms, is charac- 
teristic for the third stage in the flora 
development, i.e., is associated with the 
formation of the lower Aral beds, and with 
the top of the Chagray series. 


In the third phase of the third stage, 
nearly all of the angiosperm species are 
related to the present. 
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KARNIC DEPOSITS OF NORTHEASTERN U.S.S.R., 
AND THEIR LOWER BOUNDARY 


by 


I.I. Tuchkov 


This paper gives a brief regional description of type Karnic sections of northeastern 
U.S.S.R., with their subdivision into two groups. The stratigraphic significance of various 
groups of fossil animals is considered, as well as their correlation with Karnic faunas of 
the Eastern Alps, North America, Indonesia, and other areas. On the basis of these studies, 
the author revises the former Ladinic-Karnic boundary and proposes to draw it higher on the 


top of the Nathorstites beds. 


The deposits of the Karnic stage are wide- 
spread throughout northeast Asia. The west 
boundary of marine deposits of this stage is 
formed by the Verkhoyansk ridge and the 
Nordvik-Khatanga region with eastern Tay- 
myr; their east boundary is the Penzhina 
River and the western Chukhotsk Peninsula 


The presence of Karnic deposits within 
the subject area was first mentioned by 
Wittenburg [16] He concludes, on the basis 
of the paleontologic material by E. Toll and 
A. Bunge, from the Dulgoly River (left tribu- 
tary of Yana, 50 km above Verkhoyansk), 
that two Upper Triassic stages are developed 
in the vicinity of Verkhoyansk: the Karnic, 
with representatives of the group Halobia 
falla Kittl, and the Noric, with Pseudomon- 
Otis ochotica Keys. 


Almost simultaneously, C. Diener [7] 
found a large number of Karnic forms in the 
fauna collected by E. Toll along the Balykty 
River, Kotel'nyy Island (New Siberian Archi- 
pelago). 


In 1917, P.A. Kazanskiy [2] established 
the presence of Upper Triassic along the 
Okhotsk Sea shore, between Okhotsk and 
Yamsk. As identified by A.A. Borisyak, the 
fossils collected date the deposits as Noric 
and Karnic. 


Considerably later, M.V. Bayarunas [1] 
and L.D. Kiparisova identified numerous 
Karnic pelecypods and ammonites in the rich 
collections of S.V. Obruchev (1926, 1929- 
1930) combined with an old collection by I.D. 
Cherskiy (1891). 


From 1933 on, the systematic and well- 
planned efforts by a large group of geolo- 
gists of the Dal'stroy have established an 
extremely wide distribution of Upper Tri- 
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assic deposits, including the Karnic stage, 
over the entire vast territory of the north- 
eastern [Soviet] Union. 


The Karnic stage conformably overlies 
the Middle Triassic, commonly with a grad- 
ual change of Middle Triassic Ladinic 
deposits into the Karnic. 


CHARACTER OF DEPOSITS 


The most complete Karnic sections, 
carrying a rich fauna, are observed within 
the Yana-Kolyma geosyncline. 


In the upper reaches of the Kolyma River 
(Kulu, Sinike, Detrin Rivers), and in the 
adjoining Yana (Okhotsk) area, these deposits 
are divided into two groups. 


The lower part of the Karnic stage is 
made up, at its base, almost exclusively by 
shales and sandy shales, with rare inter- 
calations of fine-grained, locally cross- 
bedded clayey and polymineral sandstones. 
Higher up, pyritic sandy shales predominate. 


Still higher up, the amount of sand in- 
creases, with sandstones and sandy shales 
in local development. Pyritization is strong, 
with pyrite usually forming irregular bodies 
with inclusion of small crystals. On decom- 
position, the pyrite changes to iron hydrox- 
ides in minute incrustations, spots, flow 
lines, and medallions, coloring the rock 
brown-red. Common are hard spheroid and 
ellipsoid concretions of various dimensions, 
usually containing a well-preserved fauna. 
They consist of clay-siliceous material, 
with some lime and locally iron, because of 
which some of their fossils are pyritized. 
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The lower part is characterized by the 
following forms: Clionites aff. spinosa Moj- 
sisovics, Cl. aff. Compressus Hyatt and 
mith, Cl. cf. spiniger Popow, Sirenites 
‘enticosus Dittmar, S. aff. vestalinae Mojs., 
». hayesi Smith, S. jakutensis Kiparisova, 
iF irregularis Kipar., S. bilibini Kipar. , 

» Kalugini Kipar., Acanthinites cf. calypso 
Mojs., Mojsvaroceras cf. turneri Hyatt and 


mith, Arcestes (Proarcestes) cf. gaytani 


Klipstein, Halobia superba Mojs., H. zitteli 
uindstrom, H. obruchevi Kipar., H. cardil- 


erana Smith, Lima subpunctata d'Orbigny, 
ecten aff. subalterni costatus Bittner, Necula 
strigillata Goldfus, Palaeoneilo lunaris Bohm. 


The upper group of the Karnic stage is 
presented by sandy shales locally carrying 
uch marcasite and pyrite. It is character- 
yzed by a rich pelecypod fauna with Rhyn- 
thonella aff. sumrimkiensis Krumbek, Pec- 
en sibhiemalis Kipar, Oxytoma mojsisoviési 
eller, Halobia zitteli Lindst., H. kolymen- 
is Kipar, Cardinia ovula Kittl, Myophoria 
jOlitaria Bittn. in association with such rarer 

rms as Monotis scutiformis var. typica 
Nipar., M. daonellaeformis (Kipar.), Palaeo- 
leilo lunaris Béhm. 


The greatest thickness of the Karnic depos- . 


“Ss for the Upper Kolyma area is from 900 
2 1500 m; less common are thicknesses of 
50 to 600 m, associated with limbs of anti- 
jlinal uplifts. 


_ To the northwest, in the area of the upper 
ndigirka River, with its continuous Upper 
“riassic belt trending from the southeast, 

me Karnic stage, rich in fauna, is repre- 
lented by the same areno-argillaceous series, 
‘onformable over the Middle Triassic, as it 
3 in the upper Kolyma area. Here it differs 
somewhat because of the appearance in its 
ipper portion, of arkosic and graywacke 
sandstones, somewhat limy. The thickness 
if the deposits generally varies from 1, 000 


2 1,500 m, and does not exceed 2,000 m. 


Cephalopods likewise are distributed here 
1 a lower layer where they are most abun- 
ant and diversified (Arcestes, Clionites, 
irenites, Anasirenites; specific names are 
qe same as in the previous section); there 
re numerous pelecypods, especially diversi- 
ied in an upper layer of the Karnic stage 
lalobia, Myophoria, Leda, Necula, Anadon- 
Yphora, Cardinia, Pecten, M. scutiformis). 


| The Karnic deposits are somewhat differ - 
nt in the Kyuyent-Suantar-Bryungadin inter- 
iver area. Here they contain fine-grained 
andstones, fairly thick, interbedded with 
ight-gray coarse to medium-grained sand- 
tones with lentils and lenses of fine-gravel 


onglomerates carrying rich plant detritus. 
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Along the northeastern limb of the Yana- 
Kolyma geosyncline, in the southwestern and 
northwestern chains of the Chersk and in 
part the Polousnyy ridges, the Karnic section 
is less complete and somewhat different in 
its composition, being richer in lime and con- 
taining thin lenses and beds of dark-gray lime- 
stones. 


The lower group of the Yana Karnic stage 
is made up chiefly of greenish-gray, thin- 
bedded, pyritic shales and sandy shales. In 
places, fine-grained sandstones occur in thin 
beds among the shales. Clay-siliceous con- 
cretions are very common and numerous and 
also lenses and intercalations of biogenic 
bituminous limestones. Identified from concre- 
tions and shales are: Sirenites hayesi Smith, 
S. aff. kohanyi Mois., S. aff. irregularis 
Kipar., Clionites (Dawsonites) canadensis 
Whiteaves, Pinacoceras cf. regiforme Diener, 
Arcestes (Proarcestes) cf. gaytani Klipst., 
A. (Proarcestes) verchojanicus Kipar., 
Daonella aff. frami kittl, Halobia cordiller- 
ana Smith, H. austriaca Mojs., H. zitteli 
Lindst., H. superba Mojs., H. obruchevi 
Kipar., H. kolymensis Kipar., H. suessi 
Mois., Gryphaea cf. arcuataeformis Kipar., 
G. cf. keilhaui Bohm, Oxytoma, Pecten, 
Rhynchonella sp. 


The amount of sand gradually increases 
in the upper Karnic group, along with the 
appearance of some lime in the medium- 
grained siltstones interbedded with less com- 
mon shales and sandy shale, locally calcare- 
ous. Common among the sandstones are thin 
lenses and beds of gray sandy limestones 
with scattered fine pebbles of quartz, black 
slate, and jasper rock. The following fossils 
are index for the upper group: Monotis zitteli 
Tell., M. scutiformis var. typica Kipar., 
Halobia zitteli Lindst., H. cf. suessi Mojs., 


Pecten cf. subhiemalis Kipar. , P. suzukii 


Kobayashi, Oxytoma mojsisovitsi Tell. , 
Cardinia cf. ovula Kittl, Spiriferina sp. 


The majority of these forms (Spiriferina, 
Oxytoma, Pseudomonotis, Pecten), as in the 
previous, Kolyma, section, appear for the 
first time in the upper Karnic group, along- 
side the forms continuing from deeper layers 
(Halobia, Cardinia). Most of them, however, 
pass on into the overlying Upper Triassic 
formations. The thickness of the Karnic here 
is 600 to 1,800 m. 


North shore of the Sea of Okhotsk. Going 
east and southeast, into the Okhotsk geanti- 
cline area, the Karnic deposits wedge out, 
partially or entirely. The small disconnected 
areas of Karnic deposits, exposed by erosion 
below the thick Cretaceous volcanics are 
represented by shales and sandy shales with 
pyrite and marcasite concretions, and by 
sandstones locally containing layers of inter- 
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formational conglomerates and limestones. 
The usual bivalve fauna occurs mostly in 

the upper part of the Karnic stage. The 
thickest Karnic deposits here attain 600 to 
700 m, thinning in isolated localities, gen- 
erally as little as 250 to 300 m, but in 
places even to 100 m. Such thickness varia- 
tions reflect the corresponding: variations of 
the Karnic section. Thus, along the Okhotsk 
shore, various Karnic layers are in contact 
with the upper Paleozoic; locally they are 
entirely missing. Along the entire west slope 
of the Verkhoyansk ridge, the Karnic stage 
appears to be represented by sandy-conglom- 
eratic continental sediments comprising an 
interval between the Lower Triassic and 
Liassic marine deposits. 


Middle course of the Kolyma River. The 
Karnic here is represented by thick areno- 
argillaceous formations carrying numerous 
pyrite and marcasite concretions with radial- 
ray structure. The rocks are dark-gray to 
black thin-bedded shales and sandy shales 
interbedded with gray and greenish-gray 
cross-bedded siltstones and sandstones, 
slightly calcareous. Layers of alternating 
shales, siltstones, and sandstones, as much 
as 10 to 20 m thick, are observed. The 
coarser varieties, sandy shales, less com- 
monly fine-grained shaly sandstones, slightly 
sericitized, occur chiefly in the upper part; 
with the shaly beds, in the lower. Spheroid 
and ellipsoid concretions are common. The 
thickness of these deposits varies from 300 
to 1,200 m. 


The lower shale formation of the Karnic 
stage with a cephaloped and pelecypod fauna 
of northeastern Siberia, is well known and 
widespread. 


An upper formation of sandy shales with 
interbeddings of sandstones, shales and len- 
tils of shell limestone with Monotis mouti- 
formis var. typica Kipar., Oxytoma, and 
rare Halobia, is correlative with a corre- 
sponding formation from the Trans -Baikal 
and the Ussuri region. 


East Kolyma regions. The lower Karnic 
group includes an essentially shale series, 
consisting at the base, of thin-bedded sandy 
shales interbedded with thin siltstones and 
dark limestones, locally fringed by a cone- 
in-cone structure. In weathering, the argil- 
laceous beds range in thickness from several 
centimeters to tens of meters, are irregu- 
larly fissile and are commonly split into 
small angular fragments. The shales are 
dark-gray to black, with a greenish to 
brownish tint, depending on the amount of 
chlorite, carbonaceous matter, and hydrous 
ferric oxide. The shales are intensively 
pyritized, with the pyrite occurring either 
in fine individual crystals or in rounded 
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concretions. Higher up, the shales carry 
layers and lenses of tough dark-gray, thin- 
bedded siltstones, more uniform toward the 
top. 


Going upward, there is a gradual increase 
in sand content and a transition to the follow- 
ing series of nearly massive dark-brown-gray 
sandy shales with worm-like inclusions of 
clay-carbonaceous material; the rocks become 
slightly calcareous, locally tuffaceous. Com- 
monly, the shales are in a lenticular alter- 
nation with dark-brown sandstones. Shales 
with slaty partings are rare, usually break- 
ing into small, flat fragments, or else into 
coarse, often beveled, prisms. Accumulations: 
of micaceous material are observed in part- 
ings and bedding planes, which is typical for 
the entire Karnic section. To the north, in 
the area of the Balygychan and Sugoy Rivers, 
these shales are interbedded with more 
numerous fine-grained arkosic and tuffaceous 
sandstones. Still farther north, on the left 
bank of the Kolyma, argillaceous limestones 
are in the ascendency among the sandy and 
limy shales. Rare lentils and lenses of 
dark-gray marly limestones among the Karnic 
shales are also present to the northeast, 
in the headwaters of the Omolon andGizhiga. 


Very characteristic is the constant pre- 
sence of hard spheroid and ellipsoid clay- 
siliceous concretions, calcareous, commonly 
carrying a rich cephalopod and pelecypod 
fauna: Sirenites aff. hayesi Smith, S. cf. 
stratofalcatus Hauer, Halobia austriaca Mojs., 
H. superba Mojs. var. timorensis Krumb., 
H. zitteli Lindst., H. cordillerana Smith, 
Palaeoneilo lunaris Bbhm, Nucula strigillata 
Goldf., Lima (Plagiostoma) cf. spitzbergensis 
Lundgren and some other pelecypods, brachio- 
pods, and gastropods. 


In the upper Karnic group, the sandy 
shales become less uniform, are cross-bedded 
with numerous lenses and concretions of 
sandy limestones and calcareous sandstones. 
A very rich fauna of brachiopods and pele- 
cypods: Spiriferina aff. pittensis Smith, Omo- 
lonella cf. omolonensis Mojs., Terebratula 
sp., Oxytoma cf. mojsisovitsi Tell., Gry- 
phaea keilhaui Bbhm, Cardinia ovula Kittl, 
Lima (Plagiostoma) ussurriensis Voronec, L. 
(Plagiostoma) cf. subpunctata d'Orb., Pleuro- 
phorus suifunensis Kipar., Anodontophora 
sp., Halobia sp. indet. The overlying black 
shales with Halobia indigirensis Popov, H. 
cf. kolymensis Kipar., Luma (Plagiostoma) 
ussuriensis Vor. and rare Monotis scutifor- 
mis Tell. are correlative with the uppermost 
Karnic beds of Soviet Asia. 


The overall thickness of the Karnic stage 
ranges from 350 to 1,000 m. Its thinning to 
several hundred meters is observed also to 
the northeast, in the direction of the Omolon 
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and Korkodon headwaters. Karnic deposits, 
very similar to these, are developed in the 
Rassokha (Korkodon) and Berezovka River 
basins. 


Central massifs of the geosynclinal prov- 
‘ince. Of a somewhat different character are 


these deposits in the confines of the Indigirka- 


‘Kolyma (Paleozoic chains of the Chersk ridge) 
and Omolon-Korkodon central massifs. Here 
‘their sections are thin and contracted. In 

the Omolon-Korkodon massif area, the Kar- 
mic is represented only by its upper part. 

Its small exposures are observed along the 
lower Korkodon course, along the Nyanika, 
Russkaya, Malaya Ammandzha Rivers, 

also the Astronomicheskaya River (source of 
the Kedon River) and at the mouth of the 
Finish River (lower course of the Kedon 
River); at the base of the section, there lie 
brown-gray, locally calcareous sandstones 
)with rare intercalations of silty shales 
“carrying Rhynchonella ex gr. superba Bittn., 
WSpiriferina sp., Entolium cf. obergi Lundg., 
yPecten cf. deformis var. polaris Wittenburg, 
'Lima (Plagiostoma) cf. spitzbergensis Lundg. , 
‘Halobia sp., ammonites with ceratite sutures, 
‘possibly Sirenites. 


_ Higher up, there lie calcareous, detritic, 
'greenish-brown polymineral sandstones and 
layers, 0.1 to 0.2 m thick, of slightly 
icherty, slaty, thin-bedded sandy shales and 
‘shales saturated with bitumen. Very common 
in the upper part of this group are lentils 
of light-gray fine-grained calcareous silt- 
“stones and dark-gray brittle sandy shales. 
‘Gravel conglomerates occur in layers among 
‘the sandstones (Russkaya River), whereas 
tthe shales carry small pyrite concretions, 
unidentifiable flora imprints, and intercal- 
lations of black, glossy coal. Going up, the 
fauna remains become more diversified, 
ibeing represented by Monotis scutiformis 


var. kolymica Kipar., Oxytoma zitelli Tell., 
O. mojsisoviési Tell. , 


O. czekanowskii Tell. , 


‘Halovia obruchewi Kipar., H. cf. fallax 
Mojs., Pecten cf. laevigatus Schlotheim, 
Gryphaea arcuataeformis Kipar., Zeilleria 
‘kolymensis Moisseev and other, unidentifi- 
able gastropods, brachiopods, cephalopods, 
jand animal bone fragments. 

The thickness of the deposits generally 
ranges from several tens to 70 m, but 
apparently never exceeding 100 m. These 
‘deposits rest directly upon the Permian. 


Within the Indigirka-Kolyma massif (Paleo- 
zoic chains of the Chersk ridge), only small 
islands of Triassic deposits have been left 
by erosion. The Lower and Middle Triassic 
deposits are nearly absent; in individual 
localities of the massif (top of Mt. Zyr- 
yanka), Ladinic beds rest unconformably 
upon various Paleozoic series. In the major- 
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ity of cases, the Triassic section opens 

with an incomplete Karnic stage. Even that 
is commonly missing, so that the Paleozoic 
deposits are overlain unconformably by the 
Noric. It follows that good full Upper Trias- 
sic sections are not to be looked for here, 
as they are not in the Omolon-Korkodon 
massif. In the light of the new data by A.A. 
Nikolayev (oral communication), who has 
described here a nearly full Karnic section, 
its lower group should include, besides the 
20 to 50 meters of barren tuffs and tufface- 
ous sandstones interbedded with tuff-conglom- 
erates, the calcareous tuffs, and limestones 
with calcareous shales carrying loaf-like con- 
cretions. The latter contain Sirenites ex gr. 
stratofalcatus Hauer, Discophyllites ex gr. 
ebneri Mojs., Cosmonautilus sp., Scurria ex 
gr. depressa Koken, Halobia zitteli Lindst. , 
H. suessi Mojs. Besides these forms, there 
occur pelecypods, less commonly brachiopods, 
chiefly in higher layers -- Monotis sp. nov., 
Oxytoma aff. mojsisovitsi Tell., Cardinia 
cf. ovula Kittl, Rhynchonella sp., whose 
mass accumulations form shell beds. 


The overlying dark-gray calcareous shales 
and argillaceous limestones with Halobia 
zitteli Lindst., Monotis scutiformis var. 
typica Kipar., M. daonellaeformis Kipar., 
correspond to the upper Karnic group. The 
overall thickness of the Karnic here is 200 
to 350 m. 


On the Kotelnyy Island of the New Siber- 
ian archipelago, the dark calcareous shales 
with abundant concretions of bituminous, 
strongly pyritic marly limestone carrying 
Daonella frami Kittl, Halobia zitteli Lindst. , 
Rhynchonella_ wollossowitschi Dien and more 
seldom ammonites Nathorstites cf. lenticu- 
laris Whit., Placites cf. oldhami Mojs., 
Arcestes (Proarcestes) cf. gaytani Klipst., 
Clionites sp. may be assigned to the lower 
Karnic beds. The composition of the upper 
Karnic beds remains unknown here. 


The Karnic stage is almost unknown from 
the Chukotsk region, with the exception of 
the eastern part of the Chaun spit and the 
upper course of the Anyuy River. On the 
Kalen'mu-Vaam River, near Talya-Vaam 
(eastern part of the Chaun spit), as well as 
on the right bank of the Malyi Anyuy River 
and at the headwaters of the Obil'nyy River 
only the uppermost Karnic is present, 
represented by black shales and quartz sand- 
stones with Halobia, Monotis scutiformis 
var. typica Kipar., Gryphaea cf. arcuatae- 
formis Kipar., Laevidentalium sp. 


The upper boundary of the Karnic stage 
in the northeastern U.S.S R. is locally 
clearly marked by a change in the lithology. 
Thus, in the upper Kolyma area and east 
from there, it is traced at the base of the 
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overlying shales and pyroclastic formations, 
and is marked not only by the change in 
rocks, but by a common occurrence of shell 
limestones and shell beds at the base of the 
Noric stage. In some areas along the upper 
course of the Indigirka and Yana Rivers, 
located along the southwest limb of the geo- 
syncline, and partially in the Upper Yana 
area, the upper Karnic boundary is clearly 
marked by a change of shales and sandy 
shales to sandstones with lenses of conglom- 
erates not uncommon. In most areas, this 
boundary is traced by a fauna change within 
a monotonous expanse of sandstones and 
shales. 


ANALYSIS OF THE FAUNA 


In the process of a detailed study of the 
Karnic’ deposits from the northeastern U.S. 
S.R., and of their correlation with those 
from the Eastern Alps and, in part, North 
America, Indonesia, and other areas, cer- 
tain controversial points of the stratigraphy 
of these formations were encountered, the 
foremost among them being the position of 
the lower Karnic boundary. There is a 
school of thought among our own and foreign 
geologists, maintaining that the Nathorstites 
beds of the boreal basin should be relegated 
to the lowermost Karnic, the Dawsonites 
zone. The latter is correlated, without much 
justification, with the Trachyceras aonides 
zone of Eastern Alps, thus lowering the 
Middle-Lower Triassic boundary. 


However, according to the stratigraphic 
and paleontologic data, the Nathorstites- 
carrying deposits should be assigned to the 
upper Middle Triassic, i.e., to the Ladinic 
stage. 


The first attempt at reviewing the age of 
the Nathorstites beds was made by Yu. N. 
Popov [4, 5] from the material provided by 
the Kolyma geologists. Popov puts the 
lower part of these beds in the Ladinic stage, 
and their upper part in the Karnic. The 
Same opinion was shared, much later on, by 
L.F. Spath [14] and F.H. McLearn [11]. 


Passing to a more detailed consideration 
of the age of the Nathorstites beds, J. Smith 
puts all the Nathorstites of the boreal Trias- 
sic deposits of British Columbia, Alaska, 
and North Arctic Ocean, into the Dawsonite 
zone, with a reservation that the stratigraph- 
ic position of that zone is not clear and that 
its relegation to the Karnic base is condi- 
tional [13, p. 10]. Moreover, it also is 
not clear whether all the species included 
into that zone by J. Whiteaves, have come 
from the same layer. Turning directly to 
J. Whiteaves [17, p. 133], we learn that, 
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alongside Nathorstites mcconnelli, Daonella 
dubia Gabb has been found in the Lier River 
locality, which is an index form for the 
upper Middle Triassic of North America. At 
a much later date, McLearn's works [1], 12] 
point out that no form from the Karnic stage 
has been found in association with Nathorstites. 
On the contrary, there is evidence of Ladinic 
Doanella in the Nathorstites beds of the Liérd 
formation, in northeastern British Columbia 
(Lierd River). It also should be kept in mind 
that this formation overlies uninterruptedly 
the Toad formation whose upper part carries 
an Anisic Beyrichites-Gymnotoceras fauna. 

It is no wonder, therefore, that F. McLearn, 
while referring to the Nathorstites deposits 
(Lierd formation) as Ladinic-Karnic, in a 
peculiar tribute to the past in his correlation 
chart, in his latest work |12], puts the entire 
Lierd formation into the Ladinic stage. 


The Nathorstites deposits of Spitzbergen 
are subdivided by E. Stolley into two parts: 
the lower with N. tenuis and N. gibbosus; 
and the upper, with larger forms, N. lind- 
stromi. More recently, this subdivision of 
the Nathorstites deposits was confirmed by 
H. Frebold. However, in a more detailed 
description of fauna from another Spitzbergen 
locality, H. Frebold points out that Nathor- 
stites lenticularis W. has been found by 
A. Orwin in the same beds with Ptyches 
(Anisic stage ammonites; 9, pp 17-18). 
This bed is but 3 m thick and H_ Frebold 
can only assign its upper part to the Karnic, 
and the lower to the Anisic, thereby denying 
the existence of the Ladinic stage. Of course, 
it would have been more correct to include 
the Nathorstites beds with the Ladinic, there- | 
by eliminating a number of inconsistencies | 
and reservations in connection with the alleged 
lack of the Ladinic on Spitzbergen. | 
An assemblage of Dawsonites canadensis | 


(Whit ), Nathorstites lenticularis (Whit.), and — 
possibly N tenuis stolley, found in a lower | 
Urds Berg shale bed at the base of Nathor- 
stites beds of Bear Island, establishes the 
presence of Dawsonites zone. Also estab- 
lished is the overlying formation (Miphoria 
sandstone) with enlarged forms of Nathor- 
stites lindstromi Bohm, N. mojsvari Bohm, 
in association with less numerous Dawsonites 
canadiensis and Nathorstites lenticularis 
(Whit.) [6]. It is extremely interesting that 
the lower Karnic age of the Bear Island 
Nathorstites beds has been established by 

I. Bohm by analogy with the Lierd formation 
of the more recent students (of British 
Columbia). Thus, the circle has been closed. 
However, the doubts as to the lower Karnic 
age of the Nathorstites beds have in no way 
been eliminated. 


Turning to northeast Asia, we see Anisic 
deposits there being overlain by shales and 
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siltstones with peculiar ammonites and 
Daonellas of the Ladinic stage. The latter, 

in their turn, change to Karnic shales with 
Sirenites of the group S. senticosus Dittm. 
and numerous Halobia. In our sections, the 
Nathorstites beds were usually designated as 
intermediate Ladinic-Karnic, not always 
yaleontologically substantiated to the same 
jegree. In many places Nathorstites occurs 
{n association with other fossils, unfortunately 
yf no stratigraphic significance. This circum- 
stance, as well as the tradition of putting all 
Nathorstites into the base of Karnic, have 

ed to an erroneous belief held by most 
Kolyma geologists, including the author, on 
he isolated position of the Nathorstites beds 
correlative with the Dawsonites zone. 


It was established subsequently that, with 
the Nathorstites and related to it, new gen- 
*ra of Ladinic ammonites (Indigirites and 
Paraindigirites) occur in the Okhotsk-Kolyma 


u. N. Popov notes that all these ammonites 
stem out of an Anisic genus Parapopanoceras 
vhich lived only in the boreal basin and in 


egion, Japan and the Alpine-Himalaya geo- 
syncline. In evolution, this was the genus 
vhich, in the Ladinic time, launched new 
ndemic genera (Paraindigirites - Indigirites - 
Nathorstites) whose habitat coincides with 


Is the Ladinic Daonella and a new species of 
Halobia, related to H. vixaurita Kittl., also 
shown to be characteristic of the Ladinic 
(\lpine stage. The uppermost part of the 
beries contains beds of sandstones and silt- 
stones with spirifers related to Spiriferina 
“aikhikuana Trechman, from the Ladinic of 


iNew Zealand [10]. 


While on this subject, there is another 
‘ery essential detail to be considered. Some 
Nathorstites are so similar to new ammonite 
yenera from the Ladinic of Northeast Asia, 
hat we are not at all sure of the infallibility 
bf the identification of various Nathorstites 
species, and in the dating of deposits on 
*his basis. Several examples, borrowed from 
7u. N. Popov's work, illustrate this point 
5]. Thus, greatly enlarged inner whorls, 
nd the general character of sutures, brings 
ogether a Ladinic species such as Indigirites 
crugi Popov and Nathorstites lenticularis 
‘Vhit., with but insignificant differences. 


) In its shell form and ornamentation, Indi- 
yirites tzaregradskii Popov, as described by 


4 u. N. Popov, is very reminiscent of Nathor- 
itites moisvari var. applanata Bbhm. In its 
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general aspect and size, Paraindigirites vas- 
kowskii is very reminiscent of Nathorstites 
meconnelli (Whit.) and N. lenticularis (Whit. ), 
differing from them in a thinner cross section 
of its whorl and in less spheroidal inner 


whorls. 


Only small sutural differences and a 
greater thickness of the whorls stand in the 
way of identification of the Indigirka Parain- 
digirites planus Popov with the Spitzbergen 
Nathorstites tenuis Stolley, although the kin- 
ship of the two species, according to Yu. N. 
Popov, is striking, and it appears that N. 
tenuis should be relegated to P. planus. — 
There are any number of such instances. 


All of what has been said about Nathor- 
Stites necessitates a review of the age of the 
borealic Triassic Nathorstites beds referred 
to the so-called Dawsonites zone in British 
Columbia, Alaska, and the Spitzbergen Archi- 
pelago. This seems to be in opposition to a 
finding of Nathorstites cf. lenticularis (Whit. ) 
in association with typical Karnic forms, on 
Kotel'nyy Island. However, the Nathorstites 
came from the right bank of the Reshetnikova 
River, whereas the other forms came from 
the Balykhtakha River, i.e., from various 
points. Consequently, here too, there are no 
definite indications of Nathorstites age. This 
justifies assigning the Nathorstites beds to 
the Ladinic stage. This is also suggested by 
the previously mentioned paleontologic and 
stratigraphic data which no longer permit 
the Nathorstites beds to be designated as a 
separate zone at the base of the Karnic stage. 


The conclusion is, that the Ladinic stage, 
with its well-developed endemic genera, 
should be ended with beds which contain 
Nathorstites, Paraindigirites, Daonella, and 
the peculiar Spiriferina. However, it does 
not follow that Nathorstites, and especially 
Dawsonites, are confined exclusively to the 
Ladinic stage. They may occur, and Dawson- 
ites definitely does, higher up, in Karnic 
deposits. 


The lower boundary of the Karnic stage 
deposits, where they rest without a break 
directly on the Ladinic, should be traced at 
the base of the beds carrying numerous 
typically Karnic Halobia, Clionites, and 
especially Sirenites of the S. senticosus 
group. Tectonic activity at the Middle-Upper 
Triassic boundary led to a wide, progressive 
Karnic and Noric transgression. It also 
established a free communication between 
the Boreal sea and the Pacific, which, in 
turn, led to mixing of faunas of different 
provinces. Endemic genera like Indigirites, 
Paraindigirites, Nathorstites, and Dawsonites, 
disappeared, while extensive distribution 
was achieved by Mediterranean and Himalayan 
genera - Proarcestes, Protrachyceras, Dis- 
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cophyllites, Clionites, Sirenites, Anasiren- 
ites, Pinacoceras, Placites, Sagenites, and 
Acanthinites. 


Thus, a changed tectonic regime of the 
close of the Upper Triassic, which caused 
a broad Karnic sea transgression and a 
resulting rejuvenation of fauna, suggests 
that the problem of the upper’ Ladinic and 
lower Karnic border has been correctly 
solved. Two faunal groups are thus sepa- 
rated in the Karnic of northeast Asia. 


The Lower group is thicker (500 to 1, 300 
m) and carries an abundant and diversified 
fauna, from crinoids to cephalopods. Among 
the crinoids, Isocrinus, is widespread and is 
related to Isocrinus californicus Clark, from 
the Karnic of North America. 


Among the brachiopods, the genus Rhyn- 
chonella is represented by two species: 
R. wollossowitschi Dien. and R. ex gr. 
teobaldiana Stell. The first is most similar 
to Rhynchonella trinodosa Bittn. from the 
Himalayan lower Karnic, a form closely 
related to the second is known from the 
Timor Ladinic. 


Among the pelecypods, the following gen- 
era are present: Palaeoneilo, Nuculo, Trigo- 
nodus, Daonella, Halobia, and less commonly 
Pecten and Gryphaea. Indicative as to the 
age are: Nucula strigillata Goldf., encoun- 
tered near the base of the Karnic of Japan, 
South China, and especially the Alps; Trigo- 
nodus serianus Parona, known from a lower 
Karnic formation of the Alps; Anodontophora 
lettica Quenstedt and Myophoria laevigata 
Ziet., also characteristic for that zone; 
Myophoriopsis (Pseudocorbula) gregaria Phil- 
lips and Gonodon mellingi (Hauer), which 
usually occur in the lower Karnic of the 
Alps and Himalayas; Daonella frami Kittl, 
Halobia austriaca Mojs., H. amoena Mojs., 
H. charlyana Mojs., H. cassiana (Mojs), H. 
Iommeli Wissman, H. suessi Mojs., H. Zit - 
teli Linds., H. superba Mojs., H. brooksi 
Smith, H. gigantea Smith, and other Halobia 
peculiar to the Karnic of the Mediterranean, 
Timor, South China, Japan, and North Amer- 
ica; the latter occur not only in the lower 
Karnic but persist into higher beds. Con- 
siderably less diversified is a class of gasto- 
pods represented by local forms of two gen- 
era, Worthenia and Fedaiella. 


A strong influence of the faunal elements 
of the American, Himalayan, and Mediter- 
ranean provinces is shown in the presence 
of such typically Karnic ammonites as Dis- 
cophyllites cf. ebneri Mojs, known from the 
lower Karnic beds of Timor and Himalayas; 
Trachyceras (Protrachyceras) lecontei Hyatt 
and Smith, occurring, according to Smith's 


data, in various intervals of the Karnic 
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section and very similar to Trachyceras 
attila Mojs., from the Trachyceras aonoides 
Zone; Clionites (Dawsonites) canadensis 
Whit. , and other Clionites which, in north- 
east Asia, are associated exclusively with 
the lower part of the Karnic stage. 


The genus Sirenites, very broadly repre- 
sented among the ammonites of the lower 
horizon, comprises 12 species: S. hayesi 
Smith, S. irregularis Kipar., S. senticosus 
Dittm., S. obruvcevi Bojaranus, Ss. atts | 
vestalinae Mojs., and other Sirenites belong- 
ing to the Sirenites senticosus Dit. group, 
and also Sirenites striatofalcatus Hauer and 
S. vestalinae Mojs. 


Representative of the genus Sirenites are 
distributed chiefly throughout the Karnic 
stage. The general developed in the Karnic 
of the northeastern (Soviet) Union [listed 
above], are typical for a lower Karnic zone, 
the Trachyceras aonoides zone of the eastern 
Alps. 


Pinacoceras regiforme Dien is most simi- 
lar to the Alpine P. rex Mojs., from the 
Karnic stage. Arcestes (Proarcestes) gaya- 
tani Klipst. occurs in.a lower Karnic zone 
of Himalayas and Eastern Alps; Monophyl- 
lites simoni (Hauer) is also associated with 
the lower part of the east Alpine and Hima- 
layan Karnic. Isolated Placites are repre- 
sented by a species showing a great similar- 
ity to P. oldhami Mojs., from the upper 
part of the Ladinic stage. 


Besides the above named ammonites, the 
lower part of the Okhotsk-Kolyma Karnic 
contains rare representatives of Mojsvaro- 
ceras, Acanthinites, Anasirenites, which are 
more characteristic for the upper Karnic 
beds. 


Thus, as shown by a review of the lower 
group fauna, the majority of forms, espe- 
cially the ammonites, suggest a Karnic age 
for the deposits, most likely correlative 
with the Trachyceras aonoides zone of the 
Alpine Triassic. 


The upper group of the Karnic stage, 
comparatively thin (200 to 700 m), is char- 
acterized by a fauna less diversified than 
that of the lower group, by a wide distribu- 
tion of endemic forms, and by a small cepha 
lopod content. The pelecypod content of this 
group sharply increases at the expense of 
other fossil groups. Brachiopods are in 
second place, followed by other animal 
groups. 


Crinoids are represented by the same 
forms of genus Isocrinus which show a great 
similarity with I. californicus Clark, from 
the upper part of the North American Karnic 


Heong the upper group brachiopods, belong - 
ag to family Rhynchonella Gray, are Omo- 
=nella omolonensis Moiss., a native form; 
. cf. superba Bittn. , occurring chiefly in 
‘le upper part of the Timor and Alpine Kar- 
jic; R. aff. sumrimkinensis Krumb., whose 


‘elated form is known from the lower Karnic 
jf Timor. 


\ 


/ Considerably less diversified are families 
piriferinidae Davidson and Terebratellidae 
ing. The first is represented by a widely 
istributed species, Spiriferina aff. pittensis 
imith, typical of the upper Karnic beds and 
ower part of the Noric stage of Alaska and 
jalifornia, also of the upper part of the 
Maritime Province Karnic; the second family 
represented by Zellerina kolymensis Moiss, 
inown from the Karnic of the Maritime Prov- 
ace, WeSsS2R: 

i 

i Among the pelecypods of the upper group, 
hich belong essentially to the same genera 
is they do in the lower group, appear repre- 
sentatives of new genera, Pleuromya, Oxyto- 
na, Pseudomonotis, Posidonia, Gryphaea, and 
peurophorus. 


] Widely developed in the upper group are 
vardinia ovula Kitt] and C. indigirensis 
fitel. Extreme Extremely rare is Maophoria solitaria 
: associated with the upper Karnic 
Ipine zone. Poorly distributed is Pleuromya 
poise Gabb., known from the Tropites 
uubbulatus zone of California. 


| Among the Aviculidae of the upper group, 
pur species belong to genus Oxytoma: Oxi- 
yma mojsisovitsi Tell., O. czekanowskii 
‘ell., O. omolonense Kipar., O. zitteli 
‘ell., which also occur in the upper Karnic 
eposits of the Far East of the U.S.S.R. and 
apan (Halobia - Tosapecten beds). 


) The genus Monotis includes three species, 
are in the upper ay. Monotis scutiformis 
ar. typica Kipar., donnellaeformis 
-ipar., aM, Gneaiay: ussuriensis Vor. These 
Pecies are associated not only with the up- 
er Karnic deposits of northeastern Asia, 

a with those of the Far East U.S.S.R. 


In some places Posidonia stella Gabb, of 
ae Tropites subbulatus zone of California 
ccurs. Family Halobiidae Kittl is repre- 
ented essentially by the same Halobia 
pecies as in the lower Karnic group. Pre- 
Ominant in the upper group are Halobia cel- 
ica Mojs., H. colymensis Kipar., H. fallx 
flojs., H. superbescens Kittl, H. cordil- 
erana Smith. The vast majority occur in the 
pper Karnic beds, in the Tropites subbu- 
atus zone of North America and the Medi- 
erranean Province. 


Family Pectinidae is represented by but a 
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few species, the widest distributed among 
them being Pecten (Eupecten) subhiemalis 
Kipar., P. (Eupecten) suzukii Kob., and 

P. (Entolium) kolymensis Kipar. These pec- 
ten species are characteristic for the faunal 
assemblages of the Upper Karnic and Rhaetic 
deposits of northeastern Asia. Moreover, 
they are known from the upper Karnic of the 
Far East U.S.S.R. and from the Halobia- 
Tosapecten beds of Japan. 


Gryphaeae occur in both the upper Karnic 
and the lower Noric beds, most commonly 
in shell banks. They are more diversified 
in the former, with five species: Gryphaea 
arcuataeformis Kipar., G. sculd Béhm, G. 
keilhaui Bbhm, G. Sibirica Vial. With the 
exception of native species described by 
L.D.Kiparisova, the others are character- 
istic for the Karnic of Bear Island, Spitz- 
bergen, and Ellesmere Land. 


Cephalopods are represented poorly, both 
as to genera and to species. In this faunal 
complex, they are noncharacteristic and rare. 
Comparatively more common is genus Sage- 
nites and certain Nautiloidea. The represen- 
tatives of the first belong to group Sagenites 
reticulata Mojs., known from the upper Kar- 
nic Tropites subbulatus zone of Timor, Hima- 
layas, and the Alpine lower Noric. Of the 
other ammonite genera, only a few specimens 
of Mojsvarocera cf. turneri Hyatt and Smith 
were found, associated with the California 
zone of Tropites subbulatus, and solitary 
specimens of Anasirenites. 


Thus, the upper Karnic age of this group 
is determined from the fauna cited, on the 
basis of the appearance of new genera and 
species which are also found in the lower 
Noric where they become dominant. The 
lower upper Karnic boundary is drawn at the 
total disappearance of ammonites of genus 
Sirenites, from the S. senticosus Dittm. 
group. Its upper boundary is drawn at the 
disappearance of typical Karnic Halobia. 

In a majority of cases, it is the base of the 
overlying shell limestones consisting of 
Monotis scutiformis var. typica Kipar. 


It should be noted, however, that the 
paleontologic evidence for this portion of the 
Karnic section of northeastern U.S.S.R. is 
inadequate. As regards its position between 
the deposits whose age is indisputable, 
considering also the sequence of its compo- 
nent groups, the identity of the upper group 
and its upper Karnic age are undisputed. As 
to whether it belongs to the Tropites sub- 
bulatus zone of the Hallstatterkalk of the 
eastern Alps, remains unclear, as yet. The 
data for a final judgment are inadequate. In 
volume, it only approaches the eastern Alps 
Karnic. 
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] It is clear from the above review that 
he northeastern Asia Karnic is strongly 

! ifluenced by the elements of the Alpine and 
f fimalayan provinces. The wide distribution 
9f certain Karnic pelecypods, the most typi- 
‘al of which are Halobia, also cephalopods 
Glionites, Sirenites, Anasirenites, Trachy- 
vera, Analcites, Placites, Arcestes, and 


inacoceras, suggests a wide intercommuni- 
fation and migration of faunas. 


1 A correlation of these faunas with the 
jarnic faunas of other countries and prov- 
ances (see Table) helps to trace the migra- 
pion paths for this fauna and provides a pos- 
ible connection between its habitat basin 
tnd other geosynclinal provinces. 


} Such a correlation of cephalopod faunas 
vlearly establishes a connection of our Kar- 
‘ic basin with a Karnic sea which has left 
‘ts deposits in the arctic and subarctic prov- 
jnces, on one hand; and with the basins of 
the Meditteranean geosyncline, on the other. 


With the European basin of the Mediter- 
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ranean geosyncline (western Tethis), where 
Our animal groups are broadly represented, 
this connection appears to have been accom- 
plished along the west coast of North Amer- 
ica by way of Central America and the 
Atlantic. 


Considering the abundance in the Karnic 
of North America, of representatives of 
genera Halobia, Trachyceras, Clionites, 
Sirenites, and other fossils in the Alpine 
Triassic, an immeasurably greater connec- 
tion of this fauna with the Alpine, and an 
insignificant development of this animal 
group in the Himalayas, our assumption 
is very reasonable. 


The path across the Arctic basin to the 
Mediterranean province of Europe was 
barred by an immense land mass comprising 
the northern part of the European continent, 
a considerable segment of Siberia, and most 
of North America on the Atlantic side. Com- 
munication with the east Thetis was difficult, 
effected chiefly by way of Japan, south to 
the Indo-Australian archipelago, and thence 


re puMrog mpor Saat 
ao Bepu i Ea 


FIGURE 1. 


Distribution of Karnic Sea. 


1 -- land; 2 -- sea; 3 -- fauna of lower Karnic stage; 4 -- fauna of upper Karnic stage. 
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to the Himalayas and Pamirs. 


The Karnic transgression, advancing from 


the north, reached the Ussuri region and 
penetrated the Trans-Baikal only toward the 
very end of the Karnic epoch, having left 
behind deposits with rare Halobia, Monotis 


scutiformis var. Kipar. (Fig. 1). 
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SIMPLE LABORATORY EXPERIMENTS 
DEMONSTRATING INFILTRATIONAL 
METASOMATIC ZONATION 


by 


Ya. I. Ol'shanskiy (deceased) 
i and 
S.A. Brusilovskiy 


i In recent years, D.S. Korzhinskiy has 
Vieveloped a theory of infiltrational metaso- 
natism, based on physical chemistry.! Ac- 
cording to this theory, under certain natural- 
solution, infiltration conditions, rock zones 
merge, sharply separated from each other 
and differing in mineral composition. In this 
rocess, the interaction of the solution and 
the rock only takes place in the zone bound- 
ry, so that in metasomatism the length of 
che zones alters, rather than their composi- 
tion. 

} The conditions for the formation of such 
zonation are as follows: a) the speed of the 
establishment of a balance between the solu- 
‘ion and the solid phase is greater than that 
‘or the solution infiltration; b) the rock is of 
uniform porosity. 


{i 


D.S. Korzhinskiy's works fully corroborate 
the above-mentioned property of infiltrational 
zonation. Similar phenomena are likewise ob- 
served in various chromatographic columns 
widely used in laboratory practice. Neverthe- 
ess, the physical-chemical possibility of 
‘formation of a metasomatic zonation, as 
dostulated by D.S. Korzhinskiy, in itself has 
een disputed by some geologists. 


For this reason, we give a description of 
a few simple experiments demonstrating 
infiltration zonation as formed under labora- 
sory conditions, by using some appropriate 
dyed salts. 


The experiments were performed with an 
apparatus, illustrated in Figure 1, and con- 
sisting of a glass tube 1 (diameter, 15 to 25 
mm) fastened to a conventional stand, and 
glass jar 2 with a lower outlet and a faucet. 


1p.S. Korzhinskiy, Infiltrational metasomatic 
zonation and vein formation. Izv. Akademiya 
Nauk SSR, ser. geol., no. 6, 1956. 
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BRIEF COMMUNICATIONS 


The lower part of tube 1 is connected by a 
rubber hose to a thin glass tube 3, whose 
upper end is bent back. Tube 1 is filled 

with the "rock"’ which is in a pulverized mix- 
ture of appropriate crystalline materials. 

The solution slowly seeps from jar 2 through 
tube 1, and out through nozzle 3. The velocity 
of flow is regulated by the change in position 
of this tube 3. Its lowering increases the 
hydrostatic head and the velocity of the flow. 
Thus, the seeping through of the solution can 
be regulated at flow rates as low as one drop 
per 2 to 10 min. 


The success of the experiment depends to 
a considerable degree on uniform seeping of 
the solution throughout the entire "rock" 
cross section in tube 1. To achieve that, the 
solid mixture should be distributed as evenly 
as possible throughout the tube, and moistened 


FIGURE | 
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by the solution to eliminate air bubbles. The 
powder is moistened from the bottom up, by 
disconnecting jar 2. A funnel is attached to 
end 3 (by a rubber hose), tube 3 is lowered, 
and the solution is slowly poured in. As tube 
1 fills up, tube 3 is raised. In order not to 
bring about a solution of the materials, the 
moistening of the powder in the. lower part of 
tube is accomplished with liquid components 
of the "rock." After tube 1 has been filled, it 
is connected to jar 2, and the position of noz- 
zle 3 is so chosen as to provide a seeping 
rate of 1 drop per 2 to 10 min. 


The experiments were carried on with a 
mixture of 80% pulverized quartz and 20% 
potassium bichromate (K2Cr207), with seep- 
ing pure water; and 60% pulverized quartz 
and 40% potassium chromate (K2CrO4) with 
seeping 10% solution of H2SO04 or HNO3. 


In the first case, two zones were formed 
in the tube, 2 to 3 hours after the beginning 
of the experiment: a white, upper one, made 
up by a single mineral, quartz; and an orange, 
lower one, carrying two minerals, quartz and 
solid K2Cr207. The boundary between the 
zones was very sharp. It gradually shifted 
downward, so that the upper zone grew deeper 
while the lower grew shallower. No other 
changes were observed in the zones, during 
the seepage. Their color remained the same, 
throughout their respective lengths. 

In the second case, three zones were 
formed. 


1. A white, upper zone, consisting of a 
single mineral, quartz. 


2. A middle, orange zone, of two minerals: 


quartz and potassium bichromate which had 
been formed from the chromate of the lower 
zone, through reaction 2K2CrO4 (solid) + 
H2S04 (solution) = K2Cr207 (sd.) + K2S04 
(solut). 
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3. A yellow, lower zone, preserving the 
original "rock:" quartz-potassium chromate 
mixture 


The boundaries of the zones were quite 
definite, gradually shifting downward. No 
changes in their color were observed. 


Judging by the described results, our experi- 
ment reproduced the formation conditions for 
an infiltration metasomatic zonation, as postu- 
lated by D.S. Korzhinskiy. Apparently, the 
solution filtration was sufficiently slow, where- 
as the speed of K2Cr 207 solution was so great 
that water seeping through the layer of SiO? + 
K2Cr 207 mixture, about 1 to 2 mm thick, 
achieved a balance with the solid phase (satu- 
rated with bichromate). Therefore, a further 
seeping of the solution into the lower layers 
of the ''rock'’ caused no changes in the latter. 


Similar relationships took place in the 
experiments with three zones. In that case, 
however, besides the solution of the 'miner- 
als," a "reactive replacement” of one "min- 
eral’ (K2CrO4) by the other (K2Cr 207) took 
place on one of the boundaries. 


1Approximate boundary thickness in our 
experiments. 


Institute of Geology of Ore Sites, 
Petrography, Mineralogy, 
and Geochemistry 
Academy of Sciences, U.S.S.R. 
Moscow 


Received January 6, 1958 


SESQUICENTENNIAL ANNIVERSARY 
OF P. A. CHIKHACHEV 


The outstanding Russian geologist and 
‘raveler, Peter Aleksandrovich Chikhachev, was 
xorn in Gatchine, in 1808. He received his 
education at home, then specialized abroad, 
attending lectures by C.F. Naumann and J.A. 
Sreithaupt, in Freiberg; by L. Buch and G. 
skose, in Berlin; and later on, by L. Ely de 
Seaumont, in Paris. Having thus acquired his 
qualification as a geologist, he kept in touch 
ith his teachers, as well as with the most 
Dutstanding scientists of the time - P.I. Mur- 
shison, A. Verneuil, and E.A. d'Archiac. 
».A. Chikhachevy spent most of his life abroad; 
n diplomatic service for a while, then in 
‘ravel, chiefly at his own expense. 


His first important geologic studies were 
arried on in Italy and South France (1839- 
1841), where he collected ample factual mate- 
cial. His map of the Apenning Peninsula was 
of great scientific interest and immediately 
nttracted the attention of foreign scientists to 
he young Russian explorer. In his papers on 
the geology of that territory, P.A. Chikhachev, 
pbasing it on an extensive fauna catalogue, 
)roposed a more detailed differentiation of 
the local Tertiary deposits, than any previ- 
Susly available ones. Some of his conclusions 
were of prime theoretical importance; for 
instance, he noted a gradual faunal change in 
he transition from one stratigraphic stratum 
‘oO another, and he emphasized that this was 
n direct opposition to the then reigning ideas 
yf the catastrophists on the presence of sharp 
baleontologic boundaries. His individual con- 
clusions were undoubtedly influenced by the 
recently published book by C. Lyell. 


In 1842, P.A. Chikhachev visited the Altai 
and Kuznetsk depression, where he made 
road geologic studies and assembled extensive 
collections. He recognized that the long 
known coal exposure there belonged to a thick 
and widely distributed series, and he empha- 
sized the high quality of the Kuznetsk coal 
and its inexhaustible supply. 
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P.A. Chikhachev set forth the result of 
this expedition in a two-volume monograph, 
published in French, in 1845. In reviewing 
this work the outstanding contemporary geol- 
ogists, A. Brogniart, P. Dufrenoy, and L. 
Ely Beaumont, highly praised it, especially 
emphasizing Chikhachev's achievement in 
working out the stratigraphy and geologic 
history of the Altai. 


In 1847-1863, P.A. Chikhachev explored 


_ Asia Minor. He worked over his mineral 


and paleontologic Asia Minor collection in 
cooperation with some of the outstanding 
west European scientists, experts on vari- 
ous fossil groups. He published his vast 
data on Turkey as a monumental eight- 
volume work, "Asia-Mineure" (1853-1869), 
which became the first compilation of geol- 
ogy, geography, climatology, botany, Zzool- 
ogy, and archeology of Asia Minor. A num- 
ber of Turkish areas. have not been studied 
by other geologists since Chikhachev; and 
the name of this Russian explorer still 
remains in the most recent general geologic 
maps of that country. 


In 1878, P.A. Chikhachev visited Algeria 
and Tunisia. His observations in North Africa 
were chiefly geographic; their results have 
been published in a number of editions. 


A recognition of his scientific achieve- 
ments was expressed in his election to 
honorary membership of the Petersburg, 
Berlin, and Munich Academies of Sciences, 
and many other scientific societies of vari- 
ous countries. 


P.A. Chikhachev died Oct. 1, 1890, in 
Italy, where he spent his last years. 


Tsibul'skiy, V.V., P.A. CHIKHACHEV, 
Izv. Akademiya Nauk U.S.S.R., Ser. 
Georime nNOS, L902. 
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SESQUICENTENNIAL ANNIVERSARY 
OF THE GERMAN GEOLOGIST 
B. COTTA 


Carl Bernhard von Cotta was born Oct. 24, 
1808, in Zillbach (Thuringia). In 1831 he 
graduated from the Freiberg Mining Academy, 
and then obtained his Ph.D. degree in Heidel- 
berg. For over 30 years, beginning with 
1842, he was Professor at Freiberg Academy, 
lecturing in geology, paleontology, and ore 
deposits. His first paper, published in 1832, 
dealt with a detailed description of some 
petrified plants. 


Later on, in 1832-1848, B. Cotta carried 
on a geologic survey of Saxony and Thuringia. 
His geologic maps covering large areas of 
Germany were distinguished by their preci- 
gion and detail. He successfully solved com- 
plicated problems in stratigraphy and tectonics 
and paid particular attention to a comprehen- 
sive study of ore deposits. Outside of Ger- 
many, he visited many ancient mining areas 
of Europe, specifically the East Alps, Hun- 
gary, Banat, and Bucovina. 


B. Cotta put great emphasis on the prob- 
lem of vein origin, developing a theory 
postulating the vein sulfide ore genesis as a 
result of precipitation of metalliferous matter, 
from postmagmatic solutions circulating in 
fissures. He connected, in one way or an- 
other, the formation of metallic ores with 
intrusive phenomena, emphasizing however 
that pure metallic deposits are a great 
rarity and that a majority of ore deposits 
had originated from below, in vapors or 
thermal solutions. In the middle of the last 
century, B. Cotta was hailed as the outstand- 
ing authority on the origin of ore deposits. 


As a leading expert, he was invited by the 
Russian government, in 1868, to become 
acquainted with the geology and metallogeny 
of the Altai. As a result of his investigations 
during one field season, he published a volu- 
minous monograph, "Der Altai" (1871), setting 
forth vast data on rocks and ore deposits. 
Taking advantage of and systematizing to a 
considerable degree the diversified and num- 
erous data by the Altai engineers, he con- 
firmed the essential correctness of the Rus- 
sian ideas on the origin and possibilities of 
the major deposits. 


In his studies of metalliferous ores, he 
attached great importance to the enclosing 
rocks. Because of that, his petrographic 
studies were always penetrating, dealing not 
only with the mineralogy of the rocks but 
also with their genesis, which involved com- 
plex problems in petrology. In 1855, he 
published a textbook of petrography, ''Die 
Gesteinslehre,"’ in which he adhered to 
C.F. Naumann's classification, one of the 
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most progressive of that time. 


In his scientific views, B. Cotta followed 
the evolutionists. He held in great esteem 
Lyell's works, and he emphasized in his own 
works the gradual and continuous process of 
natural development, pointing to a close 
interrelationship between the organic world 
and its environment. Thus, he published a 
number of papers on the effect of soil com- 
position on population. After the appearance 
of the "Origin of the Species,'’ B. Cotta 
attempted to apply the Darwinian principles 
to the inorganic world. 


Well known were B. Cotta's popular writ- 
ings intended to propagate geologic knowledge. 
Some of them were also published in Russian. 


He died September 15, 1879. 


ONE HUNDRED 
AND TWENTY-FIFTH ANNIVERSARY 
OF THE FOUNDING OF T.G. SHEVCHENKO 
KIEV STATE UNIVERSITY 


On November 20 (8), 1833, the Ukaz 
(Order) to found the Kiev University was 
signed.! From the very beginning, natural 
sciences, including geology, were prominent 
in the curricula. Its first dean was M.A. 
Maxsimovich, a leader of the progressive 
movement in the University, one of the out- 
standing Russian evolutionists of the pre- 
Darwin period. 


In 1834-1836, mineralogy and geology were 
taught by S.F. Zenovich who extensively used 
V.M. Severigin’s works, for his lectures. 
The chain (professorship) was then taken over 
by E.K. Hoffman (up to 1842), one of the 
pioneer investigators of the south of Ukraina, 
noted for his important geolgoic expeditions 
to Arctic Urals and other little-known regions 
of Russia, also by his participation in the 
round-the-world journey of O. Ye. Kotsebu. 


Of especial importance in the organization 
of the Kiev geological school was the long 
teaching and scientific activity of K.M. Feofi- 
laktov (from 1845 to 1891), one of the found- 
ers, and chairman of long standing, of the 
Society of Natural Scientists of Kiev Univer- 
sity. K.M. Feofilaktov, a pupil of D.I. 
Sokolov, developed advanced ideas in geol- 
ogy in his teaching and practical activity. 
His works on the geology of the Ukraine 
were an important step toward the knowledge 
of mineral wealth of that country, and his 


‘The public opening took place June 27 (15); 
instruction began in September, 1834. 


seologic map of the Kiev province and his 
studies of the Podol'ya crystalline massif 

jave become standard texts for other Kiev 
seologists. 


| 
\ 
_ Among the pupils of K.M. Feofilaktov, 
Pe followers of his scientific school, were 
A. Tutkovskiy, V.I. Luchitskiy, P.N. and 
% N. Chirvinskiy, V. Ye. Tarasenko, and 
ther notable Soviet scientists. From among 
¢hem has been selected the geologic and 
; feaching staff, not only for the Kiev Univer- 
sity, but for many other teaching and re- 
oercn institutions. 
i After the retirement of K.M. Feofilaktov, 
she chair of peology was divided: P.N. Venyu- 
<ov took over the teaching of geology; and 
2. Ya. Armashevskiy, that of mineralogy. 
The former is well known for his work on 
he paleontology and stratigraphy of Silurian 
deposits; the latter, for his mineralogic and 
‘stratigraphic studies of various regions of 
che Ukraine. 


} 

' In 1904-1912, the chair of geology was 
‘aeaded by N.I. Andrusov, an outstanding 
‘paleontologists and stratigrapher, and a 
istudent of the south Russian and Caucasian 
)Neogene. 


_ The fruitful activity of these scientists 
‘promoted the success of the Kiev geologic 
‘school whose representatives made many 
valuable scientific contributions. Thus, V. Ye. 
‘Tarasenko assembled and organized vast 
material on the petrography and mineralogy 
of the entire South Russian crystalline massif, 
and took an active part in the making of the 
EE olosic and mining map of the Krivoy Rog 
iron ore basin. 


_ P.A. Tutkovskiy is the author of many 
interesting papers in various branches of 
geology, particularly on the morphology and 
geologic structure of several regions of the 
Ukraine, also on the problem of loess ori- 
gin. He was the first in our country, to 
apply the micropaleontologic method to the 
study of sediments. 


V.I. Luchitskiy carried on extensive 
‘regional petrographic studies and compiled, 
in cooperation with P.I. Lebedev, the first 
fundamental manual of the petrography of 
the Ukraine (1934). 


Of great scientific interest are the works 
of P.N. Chirvinskiy, B.L. Lichkov, and 
many others, younger geologist pupils of the 
Kiev school, who are taking their place in 
the development of modern geologic science 
and in. building up the cadres. 


Rodionov, S.P., GEOLOGIC SCIENCES IN 
KIEV UNIVERSITY. COLLECTION, 
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FROM THE HISTORY OF GEOLOGIC SCIENCES 


SKETCHES OF THE HISTORY OF 
GEOLOGIC SCIENCES, vyp. 4, 1955. 


ONE HUNDRED 
AND TWENTY-FIFTH ANNIVERSARY 
OF A.I. ANTIPOV 


The noted geologist and prominent figure 
in the Russian mining industry, Aleksey 
Ivanovich Antipov, was born in 1833, at the 
Dedyukhin factory (Urals). In 1853 he grad- 
uated from the Institute of Mining Engineers 
Corps, in Petersburg, and was assigned to 
the South Urals where, in 1854-1855, he was 
active in geologic explorations in connection 
with a study of the brown coal deposits of 
the area. In 1860-1861, he was sent to 
Saxony, Bohemia, and England, to familiarize 
himself with the mining industry of those 
countries. 


From 1862 to 1870, A.I. Antipov worked 
in the Donbas, first as an inspector, then as 
manager of the mining and salt works of the 
Don Cossack Province; later on, he was 
transferred to Petersburg, where he retired 
in 1889. 


The first major work by A.I. Antipov, in 
collaboration with N.G. Meglitskiy, on the 
South Urals, attracted immediate attention by 
the abundance and diversity of its theoretical 
premises. The Paleozoic stratigraphy of the 
area was substantially refined, many individ- 
ual magmatic phases dated, and the first 
tectonic scheme of the South Urals construc- 
ted. Of great scientific interest was his geo- 
morphologic analysis of the area, also the 
conclusions of the tectonic origin of cleavage 
and on the origin of folding as a combined 
effect of vertical movement and tangential 
pressure. In its stratigraphic and tectonic 
interpretations, as well as in its theoretical 
conclusions, the monograph, ''Geognostic 
description of the South Urals ridge" (1858), 
was a considerable advance in contemporane- 
ous geologic thought. In 1859, the Academy 
granted the Demidov prize to this work. 


The emphasis of A.I. Antipov's study of 
the South Urals was on coal measures. It 
was in this field that he carried on his later 
studies: in 1857 he was directed to study the 
coal prospects of the Pechora basin. The 
results were set forth in a number of his 
papers on the geology of the Pechora region. 


A.I. Antipov worked for a number of 
years in the Donbas. Here he studied various 
ore deposits, but his main efforts were 
directed to coal. He directed and actively 
participated in the great project of geologic 
mapping of the exploited and prospective 
areas. A result of this work was the 
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"Formation map of coal measures of the Don 
Cossack Province," scale 1:126,000, on 12 
sheets (1869-1872). This map clearly illus- 
trated the productive Carboniferous exposures, 
and the formations overlying the coal meas- 
ures. For many decades, up to the time of 
L.I, Lutugin's work, this map was widely 
used by the Donets geologists, ,and was 
favorably regarded abroad. 


From 1864 on, A.I. Antipov was a mem- 
ber of the Mineralogical Society, where he 
was very active. In 1907 he fell ill, and 
died at the end of 1913. 


During his illness, his wife A.I. Antipova 
gave a sum of 2,500 rubles to the Minera- 
logical Society, to reward the best papers in 
the Russian language, on mineralogy, geology, 
and paleontology. In 1908, the Society estab- 
lished the A.I. Antipov medal, to be awarded 
biannually. In 1925, at the suggestion of A.K. 
Boldyrev, the medal was replaced by the 
A.I. Antipov certificate of merit. Among its 
recipients were L.S. Librovich (1927) and 
S.A. Yakovlev (1928). 


ONE HUNDRED 
AND TWENTY-FIVE YEARS 
AFTER THE PUBLICATION 
OF THE FIRST RUSSIAN LANGUAGE TEXT 
ON PALEOBOTANY 


In 1833 a book by Yakim Grigor'evich 
Zembnitskiy appeared, ‘Brief manual to the 
systematic determination of fossil plants 
occurring in various parts of the globe." 

The author, a paleontology teacher in several 
Petersburg schools had done much to propa- 
gate the science of fossil organisms among 
the Russian geologists and biologists. In his 
manual of paleobotany, Ya. G. Zembnitskiy 
compiled a description of fossil plants, chiefly 
from various writings of A. Brogniart, and 
he organized his material after that French 
scientist. 


Inasmuch as there was no Russian paleo- 
botanic terminology at that time, Ya. G. 
Zembnitskiy proposed a number of new names, 
many of which he borrowed from botany. 
Subsequently, many of them persisted into 
the modern scientific literature. Momentous 
for that time was the author's suggestion. 
that a fossil flora may be an indication of 
of ancient climatic conditions. 


Ya. G. Zembnitskiy did not share the 
then-prevailing catastrophic ideas, and ad- 
hered to a progressive development of the 
organic world. In his Manual he pointed out 
the evolution of flora, from the lower to the 
higher forms, noting that, as a result of 
uninterrupted progress, all fossil forms 
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differ from the living. 


Ya. G. Zembnitskiy's book, because of its 
extensive factual material and because of 
the author's advanced ideas, played an im- 
portant part in the history of Russian paleo- 
botany. As rightly noted by A.N. Krishto- 
fovich, "Ya. G. Zembnitskiy'’s judgment on 
the nature of fossil plants and on the prob- 
lems of paleobotany was so correct that 
many of his utterances would not be out of 
place in a modern textbook." 


Krishtofovich, A.N., HISTORY OF PALEO- 
BOPBANY IN) THE U.S)S. Ra.) Mae Lo5os 


Tikhomirov, V.V., THE BEGINNINGS OF 
THE PALEONTOLOGIC METHOD IN 
RUSSIA. FROM THE BOOK "SKETCHES ~ 
IN HISTORY OF GEOLOGIC SCIENCES," 
7, M., 1958. 


SEVENTY-FIFTH MEMORIAL 
OF THE PALEONTOLOGIST, 
J. BARRANDE 


Joachim Barrande was born at Saugues 
(France), August 11, 1799. He graduated 
from the Ecole Polytechnique, in Paris. In 
early 1820, he moved to Bohemia where he 
was first a teacher; then, in 1833, engaged 
in the construction of a horse-drawn rail- 
road. While building the roadway, he became 
interested in paleontology, and extended the 
field of his exploration over the whole of 
Bohemia. As a result of detailed investiga- 
tions, he succeeded in working out the 
stratigraphy of the Bohemian Silurian and in 
correlating these deposits with the synchro- 
nous deposits of England. 


J. Barrande painstakingly studied his vast 
paleontologic Silurian collections, and sepa- 
rated many previously unknown forms. He 
set forth the results of his work of many 
years, in a monograph: "Systeme silurien du 
centre de la Boheme," Prague et Paris, 1852- 
1881, consisting of 22 volumes, with some 
6,000 pages of text and 1,160 figures. This 
colossal opus contains excellent descriptions 
and illustrations of various fossil groups: 
trilobites, cephalopods, pteropods, brachio- 
pods, ostracods, pelecypods. The excellence 
and scope of the material and illustrations 
brought the author a well-earned fame. His 
standard collections - his gift to the Paris 
Museum - and his paleontologic descriptions 
have preserved their scientific value up to 
our time. 


SKETCH OF THE LIFE OF JOACHIM 
BARRANDE OF PRAGUE. The Geo- 
logical Magazine, New Series, vol. 
Xwnos NL ips O29 500. 


FROM THE HISTORY OF GEOLOGIC SCIENCES 


FIFTIETH MEMORIAL 


Division of History of Geology 
OF ACADEMICIAN F.B. SCHMIDT 


Geologic Institute 


: Fifty years ago, Nov. 1908, Academician Academy of Sciences U.S.S.R. 
yedor Bogdanovich Schmidt died. For a brief M 

fF j ae eee: Ke OSCOW 

tographic and scientific review of his career, 

ee Zivestiya Academy of Sciences U.S.S. R. 

ee. Geol., no. 6, 1953. V.V. Tikhomirov and T.A. Sofiano 
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REVIEWS AND DISCUSSIONS 


N. A. MARINOV'S BOOK, "STRATIGRAPHY 
OF THE MONGOLIAN PEOPLE'S REPUBLIC, " 
AND GEOLOGIC MAP 
OF THE MONGOLIAN PEOPLE'S REPUBLIC, 
SCALE 1:2, 500, 000 


by 
R.A. Khasin 


The recently published monograph by N.A. 
Marinov, "Stratigraphy of the Mongolian 
People's Republic," by the Academy of 
Sciences U.S.S.R. Press (Academician V.A. 
Obruchev, Editor-in-Chief; N.S. Zaytsev, 
Editor), and the Geologic Map of the Mongol- 
ian People's Republic, Scale 1:2,500,000, by 
the Gosgeoltechizdat [State Geologo-Technical 
Press] (V.A. Obruchev, Editor-in-Chief; 
acting editor, N.A. Marinov), is an excellent 
compilation of all data extant on the stratig- 
raphy of the M.P.R. These data have been 
accumulated in more than 30 years of study 
by Soviet and Mongol geologists. The work 
under review fills a glaring gap in the geo- 
logic literature on Central Asia, a lack 
which greatly hindered the understanding of 
the problems of paleogeography, tectonics, 
magmatism, and metallogeny, not for the 
M.P.R. alone, but also for the adjacent vast 
provinces. 


The few previously published works only 
touched upon some local problems (papers by 
N.A. Marinov, S.N. Alekseychik, A. Ya. 
Stefanenko, A.D. Kalenov, A. Kh. Ivanov, 
R.A. Khasin, I. Ya. Yefremov), or else 
dealt with the geologic structure of more or 
less extended areas (papers by A. Kh. Iva- 
nov, N.A. Marinovy, R.A. Khasin, V.M. 
Sinitsin). 


V.A. Obruchev's works, chiefly based as 
they were on road geology done at the end 
of the last century, although touching upon 
principles of Central Asian geology, naturally 
could not embrace all of the immense mate- 
rial subsequently assembled, on Mongolia 
itself or on the adjacent provinces of the 
Soviet Union and China. 


The Marinovy monograph and the first 
geologic map of Mongolia, in which factual 
material is used with a comprehensive 
scientific objectivity, are the much-needed 
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culmination of the geologic study of that 
country. Such an all-embracing work, which 
has taken 10 years of painstaking effort, 
greatly facilitates the further geologic study 
of Mongolia, that vast and most interesting 
region of Central Asia. 

In the monograph, after two brief sketches 
on the history of geological and orographic 
study of the M.P.R., the author discusses 
its stratigraphy, along one section. A short 
review is given of the history of study of 
each period of the Paleozoic and general 
information as to their distribution is pro- 
vided; then numerous sections are described 
with detailed paleontology and major folded 
structures of each system of subdivision are 
described. Finally, general characteristics 
are summarized with correlation charts for 
stratigraphic complexes for various parts of 
the country, and in some instances for adja- 
cent provinces of the U.S.S.R. and China. 
The conditions of sediment accumulation, 
tectonics, and volcanic activity are described. 


The Mesozoic and Cenozoic deposits, be- 
cause of their great development throughout 
Eastern and Southeastern Mongolia, and be- 
cause of their being better known, are dealt 
with not by regions but, depending on the 
degree of their stratigraphic differentiation, 
by subdivisions (for the Tertiary) or by 
series (for Jurassic and Cretaceous deposits). 


The concluding chapter gives a composite 
stratigraphic scheme of the M.P.R., a brief 
historic-geology sketch, and a list of prob- 
lems requiring further study. 


It is natural that, inasmuch as such folded 
structures as the Mongol Altai, Prikosogol'ye, | 
Khanghay, Kentey, and others are complex 
and consist of a number of structural-facial 
zones, at times substantially differing from 
each other in their geologic history, any 
characteristic of individual stratigraphic 
complexes throughout these major provinces 
would reflect only their generalized strati- 
graphic sections. 


The poor knowledge of the M.P.R., 
especially as far as the ancient (Precambrian 
and all of the Paleozoic) complexes are con- 
cerned, prevented the author from providing 
a detailed stratigraphic analysis by individual 


)structural -facial zones; however, he attempts, 
‘as far as his material allows, to determine 
“he nature and thickness of the sediments in 
various parts of the subject regions. 


| We shall take up, in more detail, some 
joroblems of Mongolian stratigraphy: 


, 1. The author quite correctly points out 
&he inconsistency of the ideas of M.A. Usov 
jand of the American geologists, Berkey and 
Morris, on the wide development of Precam- 
jorian rocks in Mongolia, inasmuch as later 
Istudies have convincingly demonstrated a 
Paleozoic age for the alleged Precambrian 
jsand-schist deposits. 


» In this connection, a Precambrian age 
aissigned by A. Kh. Ivanov, however condi- 
tionally, to a metamorphic series of the 
(Mongol Altai, developed west and northwest 
bof Mt. “Kobdo, is hardly justified. Their age 
ss rather, Ordovician (or Cambrian), which 
“s in accordance with an extensive develop- 
“ment of Ordovician deposits in the area of 
the Bain-Ul'gey ridge, and with the general 
jstructure of the Mongol Altai. 


2. The meaning of the term "lower Paleo- 
} " especially for East Mongolia, is 
‘infortunately not clear, because of a lack of 


Most recent studies have yielded nothing 
New on the stratigraphy of that undifferenti- 
ated complex. An absence of paleontologically 
Metermined Cambrian in the east of the 
country, renders a Cambrian age of these 
jleposits hardly probable. It appears that 
‘most of the formations described as Lower 
?aleozoic by many investigators, should be 
icelegated to Precambrian, with their smaller 
Mortion (relatively less metamorphosed) to 
zc Silurian. 

3. Unfortunately, the author could not use 
new data, obtained by V.A. Amontov in 
1955-1956, on the Precambrian of the Ozer- 
naya depression. Therefore, these deposits 
pre not discussed in the text, but represented 
on the geologic map, published shortly after 
she monograph. According to V.A. Amontov's 
data, they are represented by volcanic for- 
mations and reef limestones with lower 
Cambrian Archaeocyathids. 


4, The wide development throughout Mon- 
zolia, especially in Kentey and Khanghay, 
chiefly of terrigenous, undifferentiated middle 
Paleozoic formations, once more exposes our 
door knowledge of Mongolian stratigraphy. 


A study of East Mongolia shows that this 
complex embraces diverse stratigraphic ele- 
ments, from Silurian to and including Car- 
boniferous (locally to Permian), which, in 
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R. A. KHASIN 


his time, was pointed out by V.A. Obruchey. 
It should be added that, although these de- 
posits are represented almost exclusively by 
thick terrigenous sediments in the Khangay- 
Kentey meta-anticlinorial structure -facial 
zone, their equivalents in the East Mongolian 
synclinal zone occur alongside widely devel- 
oped volcanic and carbonate formations. The 
presence of the latter facilitated the differen- 
tiation of the middle Paleozoic of this zone 
into individual, faunally characterized, strati- 
graphic complexes. 


5. The role of the Silurian, in the geologic 
structure of East Mongolia, appears to be 
underestimated because a part of it is included, 
by some investigators, in an undifferentiated 
middle or sometimes lower Paleozoic; also 
because of widespread Mesozoic formations 
covering the Paleozoic basement. 


6. Without arguing against the importance 
of the Khanghai fault zone in the formation 
of structural-facial zones north and south of 
it, it should be mentioned that the boundary 
between the Caledonian and Hercynian foldings 
coincides all along it. 


The author had no way of knowing the 
latest results (1956) of V.A. Amontov's work. 
They reveal a great development of Cambrian 
formations throughout the western Khanghay 
and the Great Lakes depression, where they 
are overlain, with a sharp angular uncon- 
formity, by gently dislocated epicontinental 
Silurian and Devonian deposits. 


The boundary between the Caledonian and 
Hercynian folded belts passes approximately 
along the Tsagan-Oloma meridian, veering 
northwest along the south slopes of the 
Mongol Altai. 


7. The description of the Devonian deposits 
could have been amplified by new data ob- 
tained by A.A. Khrapov in 1956, and there- 
fore unknown to the author. 


8. Furthermore, it should be pointed out 
that the most recent work by N.G. Grazh- 
dantsev, V.S. Solev'yev, and G.V. Zorin, 
in the Nukut-Daban ridge, in the extreme 
east of the M.P.R., have established the 
presence of faunally defined Lower Devonian 
and Lower Carboniferous deposits, the former 
being previously known only from West Mon- 
golia and Khanghay; and the latter, besides 
West and Central Mongolia, in the Sayn- 
Shandy region, south of Dzamyn-Ude and 
Bayshintu. 


In the Great Khinghay, too, no faunally 
characterized Devonian and Lower Carbonif- 
erous deposits have been known. The new 
findings of Lower Devonian and Lower Car- 
boniferous fauna in the Nukut-Daban ridge, 
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and its character, lead to a paleogeographic 
picture of the northwestern part of Central 
Asia during these stages of middle Paleozoic, 
somewhat different from that given by N.A. 
Marinov, on the basis of the material on 
hand. 


The new data suggest that the Lower 
Devonian sea was not limited to the Mongol 
Altai and Khanghai highlands, but spread out 
far to the east, to the outer reaches of 
Mongolia. 


The boundaries of the Lower Carboniferous 
sea, undoubtedly connected with a sea cover- 
ing Southeast Mongolia and China, could be 
shifted considerably to the east. 


It appears that Devonian and Lower Car- 
boniferous marine deposits also accumulated 
in the Great Khinghan region, at least in its 
northern part, so that the designation as 
Permina, of widely developed terrigenous 
deposits here as has been done, is hardly 
justified in the light of new data. It also 
becomes obvious that, beginning with Upper 
Silurian and into Lower Carboniferous, there 
were no long breaks in sedimentation over 
northeastern Central Asia, inasmuch as the 
presence of all stages of the Paleozoic has 
been established. 


9. In his general description of the Juras- 
sic deposits, the author states, "In middle 
Mesozoic, in connection with the Kimmeridgian 
phase of tectogenesis, the Paleozoic platform 
underwent mighty interior downwarps, evi- 
dently initiated as early as the upper Paleo- 
zoic and Triassic." 


This statement does not quite correctly 
represent the geologic history of individual 
parts of the country, at the close of Paleo- 
zoic to the first half of Mesozoic. The Paleo- 
zoic change of a mobile zone to a platform 
only took place in Central and West Mongolia, 
while the East Mongolian geosynclinal prov- 
ince was going through its later and final 
stages of development, featured just by such 
numerous interior downwarps and foredeeps, 
with the transformation to a young platform 
only taking place in the Tertiary. 


Because of that, the West and Central 
Mongolian Jurassic and Cretaceous deposits 
are much thinner and much more circum- 
scribed than they are in East and South 
Mongolia. 


10. As a result of extensive studies by 
the Paleontologic Expedition of the Academy 
of Sciences U.S.S.R., and of detailed geo- 
logic surveys, the Cretaceous stratigraphy 
is the best worked out, chiefly on the 
basis of numerous flora and fauna collec- 
tions. 
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We only note that, according to the most 
recent studies by A. Kh, Ivanov (1956), the 
assumption of an extensive Cretaceous devel- 
opment in the Great Lakes depression is not 
substantiated. Here, in most cases, Tertiary 
and less commonly continental Jurassic depos- 
its rest directly upon the Paleozoic basement, 
with the Cretaceous in a comparatively small 
distribution. 

11. The stratigraphic summary of the 
M.P.R., as given in "Conclusion," is a 
brief compilation of all extant data on one 
of the most interesting parts of Central Asia, 
of which we knew little, up to very recently. 


However, .we cannot but concur with the 
author's statement that his concept "with 
further development of geologic study and 
accumulation of new data, will undoubtedly 
be refined, and possibly completely reworked 
in spots, since many of the problems of 
Mongolian geology remain unsolved or only 
partially solved."’ Nevertheless, N.A. Mari- 
nov's monograph is a great contribution to 
the geology of that country. It undoubtedly 
will become a handbook for all students of 
the geology of Mongolia and adjacent countries 


A valuable addition to the monograph is 
the Geologic Map of the M.P.R., scale 
1:2,500, 000, published in 1957, and edited 
by V.A. Obruchev and N.A. Marinov. 
Although a help in reading and understanding 
the monograph, the map is unquestionably 
important in itself. As a synthesis of investi- 
gations of many years by Soviet and Mongol 
geologists, it facilitates a solution of 
regional-geologic and metallogenic problems, 
inasmuch as Mongolia is a focus of such 
heterogeneous structural-tectonic elements 
as the Sayan-Altai and the Mongol-Okhotsk 
folded belts. 


Although the map is not of equal value in 
all its parts, because of the quality and 
quantity of the data (its western half but 
poorly known), it distinctly reflects the basic 
stages of the geologic development of this 
vast portion of Central Asia: the northwestern 
Mongolia represents a Caledonian mobile 
folded belt, with its terminal stage in the 
Devonian. The boundary between this and 
the Hercynian mobile belt partly coincides 
with the Khanghai deep-seated fault, stretch- 
ing more than 1,000 km through Mongolia, 
and continuing into Trans-Baikal. Only in 
western Mongolia does this boundary recede 
far south, so that the Caledonian province 
includes West Khanghai and the Great Lakes 
depression. 


An analysis of the map reveals a very 
interesting feature of the Hercynian mobile 
belt which stretches over immense distances, 
from the Gornyy Altai in the west to the 


q 
astern Trans-Baikal to the east. 


| The map clearly shows that the closure of 
1e Hercynian geosynclinal province proceeded 
radually from the north to the south and 
rom east to west, so that the development 
 structural-facial zones in the south and 
jast of this mobile lagged, as a rule, behind 
ye northern and western zones. Consequently, 
ie later and final stages of Hercynian devel- 
jyment in West and Central Mongolia fall into 
ie upper Paleozoic, whereas in East and 
joutheast Mongolia they fall into the upper 
desozoic (Jurassic and Cretaceous). 


' Accordingly, the Mesozoic history of East 
‘longolia should be regarded as a belated 
s2velopment of the Hercynian mobile belt, 
father than an independent formation of a 
desozoic geosyncline: a southwesterly exten- 
tion of the East Trans-Baikal Mesozoic 


fcologists. This predetermines all of the 
feculiarities of the Mesozoic metallogeny of 
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provinces of Mesozoic and Hercynian folding 
and, correspondingly, between the Hercynian 
and Mesozoic metallogenic provinces (A.D. 
Kalenov). 


This first geologic map of the M.P.R. 
clearly cemonstrates the basic shortcomings 
in the study of that country. Beside the 
already mentioned generalization of its west- 
ern portion, insufficiently covered by geologic 
surveys, there is a glaring inadequacy in the 
Precambrian and Paleozoic stratigraphy, re- 
sulting in vast regions of undifferentiated 
Precambrian, lower and middle Paleozoic, 
and at best, in a dating of the deposits only 
to periods and eras. The situation is no 
better for the intrusive complexes. 


Still, the publication of a geologic map 
of the M.P. R., sufficiently well related with 
that for the adjacent part of the Soviet Union, 
is a great event in the geologic study of that 
vast land. It will be of great help in the 
paleogeographical, structural-tectonic, and 
metallogenic analysis of such folded struc- 
tures as the Gornyy Altai, Sayany, and 
Trans-Baikal, and the provinces of China, 
adjacent to Mongolia. 
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SECOND ALL-SOVIET 
PETROGRAPHICAL CONFERENCE 


{The Second All-Soviet Petrographical 
iference was held in Tashkent, May 19-23 
8. About 1,000 attended, representatives 
more than 100 geologic organizations and 
ools of higher learning of the U.S.S.R., 
° foreign scientists from the Chinese 
yple's Republic, Polish People's Republic, 
*man Democratic Republic, and People's 
ublics of Rumania and Bulgaria. 


’ 


On May 19, after a solemn opening cere- 
ay and a few introductory remarks by the 
irman of the Organization Committee, 
psident of The Academy of Sciences of 

) UzbS.S.R., Kh. M. Abdullayev, the 
imbers heard a report by the Minister of 
blogy and Mineral Conservation, U.S.S.R., 
‘Ya. Antropov, on the state of knowledge 
he territory of the U.S.S.R. and on the 
‘blems of petrology. 

\ 
50me 18 papers were read at the joint 
‘sions, May 20 and 23, including those by 
“demician S.T. Dimitrov (Bulgaria), 
Smulikovski (Poland), Prof. Kautsch 
‘D.R.), Acad. D.S. Korzhinskiy, corre- 
nd. member G.D. Afanas'yev, Yu. A. 
metsov, N.A. Yeliseyev, and others. 


dn May 21 and 22, meetings were held 
sections: a) geology and metallogeny of 
eozoic magmatic complexes; b) geology 
'metallogeny of Mesozoic magmatic com- 
ces; c) problems of alkaline rocks, ultra- 
‘ic rocks and dike formations; d) geo- 
mistry, physical chemistry of magmatic 
metamorphic complexes, and methods of 
'r study. More than 90 members took 

- in the meetings and discussions. 


Most papers, read both in the joint and 
‘ional meetings, dealt with the regulari- 
' of magmatic phenomena in various parts 
he U.S.S.R., especially with their metal- 
my. General problems of the development 
‘distribution of magmatism were dealt 

i by Yu. A. Kuznetsov and Yu. M. Shey- 
in. Their papers suggested a number of 
clusions on the character of magmatic 
/metallogenic phenomena, in parts of the 
.S.R. More specifically, the authors 
ard as certain the multiple manifestations 


113 


CHRONICLE 


of magmatic processes, in Central Asia, 

and their decisive part in the endogenous ore 
formation. According to studies (by Kh. M. 
Abdullayev, Ye. D. Karpova, D.N. Yelyutin, 
A.A. Konyuk, V.I. Knauf, R.B. Baratov, 

M. Kh. Khamidov) in Kirghiziya, Uzbekistan, 
and Tadzhikistan, from three to seven 
epochs [of magmatism] are recognized (Pro- 
terozoic, Ordovician, Devonian, Middle Car- 
boniferous, Upper Carboniferous, Permian, 
Permo-Triassic, Cretaceous, and Paleogene). 
These time periods correspond to the appear- 
ance of definite magmatic complexes and 
associated ore-making. 


Central Asian geologists recognize also 
a number of regularities in the distribution 
of these magmatic complexes and ores. It 
is of importance that these problems were 
approached from somewhat new points of 
view, taking into consideration the peculiari- 
ties of the development of the earth's crust, 
and its structural differentiation within Cen- 
tral Asia. 


A number of papers touched upon the 
problems of the genetic relation of endogenous 
mineralization to magmatism. 


Of considerable interest in this field was 
a paper by a large group of associates of 
the Institute of Geology of Ore Deposits, 
Petrography, Mineralogy, and Geochemistry, 
The Academy of Sciences of the U.S.S.R. 
(V.S. Koptev-Dvornikov, O.S. Polkvay, M.G. 
Rub, I.E. Smorchkov, F.K. Shipulin), also 
papers by E.A. Radkevich, I.G. Magak'yan, 
and S.S. Mkrtchyan (Geology Institute, Acad- 
emy of Sciences, ArmS.S.R.), and M.P. 
Materikov (VIMS). 


The timely question of the connection 
between ore-bearing capacity and effusives 
was treated in a number of papers (G.S. 
Dzotsenidze, M.A. Kashkay, Sh. A. Aziz- 
bekov, M.A. Favorskaya, A.M. Kalik). 


In discussing the features of distribution 
of magmatic and ore complexes, in space 
and time, many geologists criticized the 
present beliefs on the development stages of 
mobile belts in the earth's crust. 


Much new and interesting material was 
supplied by the students of magmatic forma- 
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tions in the platform provinces, especially 
of East Siberia (A.P. Lebedev, G.G. Moor). 


Also general problems of the genesis and 
distribution of alkaline rocks were clarified. 
Papers by O.A. Vorab'yeva, V.K. Monich, 
G.P. Bagdasaryan, and others refined our 
ideas on the properties of alkaline magma- 
tism in individual regions. 


A physical chemical treatment of mag- 
matic and postmagmatic formations was pre- 
sented by D.S. Korzinskiy, V.A. Maslenni- 
kov, and 1.G. Govoroy. 


The problem of the genesis and distribu- 
tion of metamorphic rocks, and their system- 
atics, was treated in papers by Ukrainian 
geologists (N.P. Semenenko, Ya. N. Belev- 
vtsev, S.P. Rodionov). A number of papers 
dealt with the physico-chemical and mechani- 
cal properties of rocks, and methods of their 
study (B.V. Zalesskiy, B.P. Belikov, Yu. A. 
Rozanov). 


The Conference also discussed the papers 
on "The problems of petrogenesis in the 
light of experimental data"' (N.I. Khitarov) 
and "Data on the state of study of absolute 
age determination of rocks, and their geolo- 
gic significance" (G.D. Afanas'yev). 


Many speakers emphasized the necessity 
of bringing more order into petrographic 
terminology by a petrographic dictionary, 
Clce 


The May 23rd Joint Session unanimously 
adapted the resolution, printed below, slightly 
abridged. 


Following the conference (from May 24 
to June 1), the members participated in two 
field trips: 1) Karamazar - West Uzbekistan; 
2) North Kirghizia. 


RESOLUTION 
BY THE SECOND ALL-SOVIET 
PETROGRAPHICAL CONFERENCE 
TASHKENT, MAY 23, 1958 


Five years have passed since the First 
Petrographic Conference. Many important 
events took place in the life of our country, 
during that time. The most momentous was 
the XX Congress of the Party, which formu- 
lated the problems of Soviet science as 
follows: ''To develop science by all means. 
By extending theoretical investigations over 
all fields of knowledge, to strengthen the 
part played by scientific institutions in tech- 
nical progress and the organization of in- 
dustry. To reorient the efforts of scientific 
research institutions toward the immediate 
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needs of the economy." 


By the 40th anniversary of the Great Octo- 
ber Revolution, the geologists of our land 
have achieved considerable successes in the | 
field of supply of mineral raw material to 
the state economy. Notable scientific general 
izations also were achieved, as witness the 
geologic and tectonic maps of the Union and | 
its individual parts and areas. | 


The Second Petrographical Conference | 
acknowledges that the problems set forth in | 
the resolution of the First Petrographical 
Conference, are still valid at the present 
stage of petrology. 


The shortcomings in the field of petrologi 
problems and in the rendering of active help 
to the solution of essential practical problem: 
as noted by the First Conference, are still 
with us to a considerable degree. Although 
the petrographers of the Soviet Union strove | 
valiantly to eliminate the shortcomings noted 
by the First Conference, its resolution has 
not been adequately fulfilled. There is a sre 
collective task for all petrographers of the 
Union, to solve the momentous problems of 


petrography. 


Among the achievements by the Soviet 
petrographers in the field of regional study 
of the country, for the last five years, are 
the following: 


Great success in the study of magmatism 
and metallogeny of the Republic was achieved 
by the Uzbekistan petrographers who pro- 
duced a number of comprehensive mono- 
graphs, in collaboration with field geologists; 
they published a major work summarizing the 
petrographic knowledge of that country, also | 
papers bearing on the development of the 
theory of ore formation and petrology. 


The petrographers of Georgia produced 
a number of interesting works on the mag- 
matism of that country and the problem of 
granite origin. Extensive factual material 
has been accumulated on the magmatic for- 
mations of Armenia. In the Azerbaydzhan 
S.S.R., a five-volume geology of the Repub- 
lic was produced, including the first compila: 
tion on the "Petrography of Azerbaydzhan;" 
also produced were individual monographs 
on the petrology and metallogeny of that 
Republic. 


For the Caucasus, as a whole, it became 
possible to reconstruct the history of its 
magmatism, and to approach the solution of 
some important petrologic problems. 


Important work in the differentiation of 
Precambrian metamorphic and magmatic 
rocks, and in their petrology, was carried 
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; for the Ukraine and the north of the Rus- 
in Platform. 


‘In the Urals, a large group of geologists 
Minued their fruitful efforts in obtaining 

y data on the petrography of metamorphic 
i] magmatic rocks. 

\The petrographers of Kazakhstan and of 

} central institutions produced a series of 
mmographs on the geology, petrology and 

‘ regularities of the volcanic and granitic 
mations of the Altai and Kazakhstan. These 
estigations were part of the general geo- 
‘ic study of those regions, and of the task 
making exploration maps. 


Brought to completion were the works on 
a-mafic rocks, granitoids, and trap mag- 
tism of the east of our country, constitu- 
3 a basis for further study of the magma- 
n of Siberia and Taymyr. 


In the Far East, many monographs were 
lished in recent years, shedding light on 


‘ritime Province (Primor'ye) and Khankay 
ion, as well as the efforts by the petrog- 
hers of the Northeastern Geologic Admin- 
ation, give an extremely interesting pic- 
‘e of the magmatism in those eastern 
itches of our fatherland. 


(Monograph descriptions of the active 
scanoes of Kamchatka, and compilations 
#the petrography of volcanic rocks, put 
ether in recent years, are of considerable 
ue for petrology. 


aluable material had been gathered on the 
agenetic analysis and the systematics of 
ftamorphic rocks and ores, particularly 
sisens, secondary quartzites, skarns, and 
er metasomatic rocks. 

‘The available material and the generali- 
ions that may be made from it permit 
templating the preparation of a series of 
tks summarizing the results in the study 
magmatism in various parts of the 

bes. R. 


SS 


In progress are such comprehensive 

ors as ''Petrography of the U.S.S.R.," 

' Kazakhstan, the Urals, East Siberia, and 
; Far East. 


Recently there has been a greater estab- 
iment of laboratories for radiological 

‘ermination of the absolute age of rocks. 
i 
The application of the absolute age meth- 
‘to the study of the isotope composition of 
ividual elements now makes it possible 

‘correct ideas on the geology of magmatic 
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formations in some regions of our country, 
and on the relation between ore formation 
and petrologic processes. 


There are new works on the problems of 
petrochemistry and geochemistry based on 
specimens from the Far East, Central Asia, 
and Caucasus. 


The Conference notes a perceptible 
strengthening in the role played by petro- 
graphic studies in the solution of our eco- 
nomic problems. 


Alongside these achievements, the Con- 
ference recognizes substantial shortcomings 
in the activity of the petrographers and 
geologists. The Conference notes a wide- 
spread recognition of poorly substantiated 
concepts of mobile zones, and their usage 
without consideration of the true geologic 
conditions. 


There also is a lack of coordination in 
the petrologic and metallogenic investigations 
carried on in geologically discrete terri- 
tories which are cut by political boundaries 
into different administrative regions. 


Thoroughness is not always achieved in 
metallogenic investigations in individual 
regions, with the petrographers not fully 
participating in the making of metallogenic 
and exploration maps. 


The solution of some of the most impor- 
tant domestic petrographic problems is often 
hampered by the scarcity of laboratory 
facilities and by insufficient experimental 
work. 


The Second Conference recommends that 
all petrographers take measures towards an 
elimination of all shortcomings in order to 
assure the best and most rapid development 
of petrology. 


The Conference believes that the petro- 
graphers' efforts, in cooperation with geo- 
physicists and geochemists, should be direc- 
ted in the next years towards the solution of 
the complex problem: "Regularities in the 
development and distribution of magmatic 
and metamorphic complexes, and their sig- 
nificance in the structure of the earth's 
crust and in the formation of useful min- 
erals.'' The immediate attention of the 
petrographers should be directed to a sci- 
entific basis for the search for and the pre- 
diction of the occurrence of useful minerals. 


Geology and geophysics have made definite 
strides along the road of knowledge of the 
crust structure. But such complex problems 
as the causes and regularities of magmatic 
development, in time and space (in the 
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earth's crust), and the relationship between 
magmatism and useful minerals, are still 
in the fact-finding stage. 


The progress of this effort is hampered 
chiefly by the following factors: 


1) insufficient thoroughness of the geologic 
and petrologic study of natural associations 
of magmatic and metamorphic rocks, with 
inadequate application of most recent methods 
of the study of matter; 


2) insufficient coordination of the geophy- 
sic study of the earth's crust with geologic 
investigations; 


3) inadequacy in experimental work utili- 
zing modern techniques, in order to repro- 
duce in the laboratory conditions approaching 
the natural. 


Diverse and complex tasks which stand 
before modern petrology are: 


1) a study of magmatism as an endogenous 
process in the earth's crust, closely related 
to the migration and evolution of deep-seated 
matter within it; 


2) a clarification of petrogenetic processes 
and their significance in the formation of 
various associations of volcanic and meta- 
morphic rocks and genetically related, use- 
ful minerals; 


3) the energy aspect of the process, and 
sources of the internal heat. 


A solution of such problems is possible 
only by a comprehensive method of geo- 
physical, volcanological, and geochemical 
investigations accompanying the geologic 
and petrologic studies. 


These problems make imperative: 
1) a detailed systematic study of all extru- 
Sives and their enclosing rocks, including all 


elements; radioactive, rare, and scattered. 


2) setting up of experiments under condi- 


tions of temperature and pressure approaching 


those assumed to exist deep in the earth's 
crust. 


3) a study of mechanical and physical 
properties of rocks at different temperatures 
and pressures; likewise essential is a study 
of the earth's crust with relation to the 
variation in the isotope composition of a 
number of elements (lead, strontium, rubi- 
dium, argon, and others). 


Studies should be continued in: 
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solidification, the form and the compositior 


1) the relationship between tectonics and 
magmatism, on the basis of regularities in 
the development of magmatic processes in 
folded and platform provinces; 


2) the petrochemical properties of non- 
contemporaneous magmatic formations; 
granitoid, gabbrolike, ultrabasic, alkaline, 
and the composition of rock-forming miner 
and mineral admixtures of these rocks; 


3) the features of magmatic processes, | 
depending on the particular conditions of th 
formation of a given magmatic body; parti-| 
cularly those studies helping our understan¢ 
ing the mechanism of the emplacement and 
the nature of an intrusion; 


4) the relationship between volcanic and 
plutonic processes, and the role of sub- 
volcanic processes in the origin and locali- 
zation of a magmatic ore; 


5) the metamorphic regularities and the 
details of contact-metasomatic processes a 
ore-contact alterations, in relation with van 
ous manifestations of magmatism and tecto 
processes; also the effect of the depth of 


of magma, and other factors, upon the inte 
sity and composition of contact-mineral 
formation -- on specific instances of vario 
formations -- and with the consideration of 
the role of metasomatic processes (in a 
broad sense) in petrogenesis. 


It is also essential to intensify the study} 
of paleo- and neo-volcanism, in order to 
determine the causes of consecutive forma-' 
tion of volcanics of different composition, 
the secular evolution of volcanism and of 
sedimentary-volcanic occurrences and relat 
ore deposits. 


The Conference deems it expedient: 


1) to recommend an application of struc 
tural and microstructural analysis in the 
study of magmatic and metamorphic rocks, 
in order to facilitate the investigation of thi 
structural position of rocks and their relat 
ore deposits; 


2) to take measures towards producing 
petrographic terminology with nomenclature 
and systematics for magmatic and meta- 
morphic rocks. 


3) to draw the attention of geologic insti 
tutions to the necessity of a comprehensive 
development of techniques using most rece 
methods (in physics and chemistry) in the 
study of the elements of rock and their ph 
ical properties. 


4) in order to find concrete answers to 
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Stions in petrology, to expedite precise 
sical and chemical experiments on the 

ire of deep-seated processes in the earth's 
st, inaccessible to direct observations, 
important in the formation of intrusive 
nplexes and ore deposits. This requires 
intensification of experiments with models 
uulating conditions approaching the natural 
essure, temperature, volatiles), including 
rochemical alterations by metasomatism. 


The Conference requests: a) the Presidium 
[he Academy of Sciences, U.S.S.R. and 
Ministry of Geology and Mineral Con- 
ation to organize an interdepartmental 
Ographic committee, charging it with 
‘rmining the geologic age of magmatic 
uplexes, petrographic terminology and 
venclature, exploratory drilling into intru- 
‘Ss and other magmatic bodies, and with 
“requesting of a state mapping project for 
.ons of predominantly crystalline rocks; 
‘he permission of the Presidium of The 
demy of Sciences, U.S.S.R. to publish, 
mning in 1959, a magazine names "Mag- 
fism and Metamorphism;" c) the Presidium 
rhe Academy of Sciences, U.S.S.R. and 
}Ministry of Geology and Mineral Conser- 
on to secure the participation of geophy- 
fsts and volcanologists in the work of 


| Ogists. 
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The Conference believes that a more effi- 
cient fulfillment of the petrologic tasks, as 
formulated in this resolution, will be realized 
by a specialized scientific body, an operative 
center working out the problems of magma- 
tism and volcanology utilizing a modern tech: 
nically perfect, laboratory. 


The Conference recommends an institution 
of annual conferences of petrographers from 
all organizations active in the exploration of 
individual regions, such as the Kola Penin- 
sula, Karelia, Urals, Caucasus, Kazakhstan, 
Central Asia, also in the study of individual 
problems, as for example, alkaline rocks. 


The Conference deems it expedient to 
recommend that the geologic institutes of the 
several republican academies of science and 
their affiliates of The Academy of Sciences, 
U.S.S.R., proceed with the compilation of 
works on the petrography of their respective 
territories. 


The Conference expresses its gratitude 
to the Presidium of The Academy of Sciences, 
UzbS.S.R. for an atmosphere favorable to a 
wide participation of the Soviet petrographers 
in its work. 
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